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IMMUNOLOGICAL STUDIES 
OF PATIENTS WITH 
BRONCHIAL CARCINOMA 
H. M. JANSEN 





Longitudinaal uitgevoerd immuunstatus onderzoek na primaire 
immunizatie met het test-immunogeen Helix Pomatia Haemocya­
nine, kan meer inzicht verschaff en in de veranderde kinetiek van 
de immuunresponse bij patienten met een bronchus carcinoom. 
II. 
Gesystematiseerde toediening van niet-specifieke immunostimu­
latie bij patienten met soliede tumoren, kan slechts therapeutische 
betekenis hebben, wanneer eerst alle macroscopisch aanwez1ge 
tumorlast chirurgisch wordt verwijderd. 
III. 
Bij de door mitogenen- en antigenen ge!nduceerde T-cel proli­
feratie in-vitro, spelen mononucleaire phagocyterende cellen waar­
schijnlijk een belangrijke regulerende rol. 
IV. 
Bij het histologisch onderzoek van het bronchus carcinoom is 
de aard van de, en de mate waarin de immunologisch reaktievc 
cellen in het stroma van de tumor worden aangetroffen, van kli­
nisch-immunologisch belang. 
v. 
De cytologische diagnose :  ,,kleincellig anaplastisch bronchus 
carcinoom", is op zich zelf onvoldoende om de patient niet voor 
operatie in aanmerking te laten komen. Histologie is vereist als 
de in-operabiliteit niet op andere gronden vaststaat. 
VI. 
Bij het vermet1gen van thoraxfoto-archieven is terughoudendheid 
geboden teneinde overbodig medisch handelen te voorkomen. 
VII. 
Een snelle verspreiding van tuberculose onder adolescenten wordt 
bevorderd door het feit dat, juist in deze leeftijdsgroep, een pri­
maire infektie zich, relatief vaak, in korte tijd ontwikkelt tot een 
caverneuze ftisis. 




Analyse van de vorm van volume-flow-curves, middels het uit­
zetten van hellingsratio-volume verhoudingen, is geen gevoelige 
maat voor de vroegdiagnostiek bij obstruktieve longziekten. 
J. Mead (1978). J. Appl. Physiol. 44(2), 156. 
IX. 
Het v66rkomen van congenitale cytomegalovirus infekties bij 
opeenvolgende zwangerschappen, wekt twijfel of vaccinatie van de 
moeder een middel is om deze ziekte bij het kind te voork6men. 
S. Stagno, et al. (1973). Pediatrics. 52, 788. 
x. 
De definitie van een B-lymphocyt als zijnde een lymphocyt met 
makkelijk te detecteren membraan immunoglobuline is te rekbaar. 
Y. J. Rosenberg and C. R. Parish (1977). J. Immunol. 118, 
612. 
XI. 
Naarmate de gespannen verwachting naar een oplossing van het 
kankerprobleem niet wordt bewaarheid, dreigt meer en meer het 
verstarrende dogma van de huidige inzichten en behandelingsvormen. 
XII. 
Het gebruiken van een reaktie op een geneesmiddel als maat bij 
de beoordeling van de ernst van een chronische obstruktieve long­
ziekte is niet nauwkeuriger clan het gebruik van lakmoespapier bij 
het bepalen van de zuurgraad. 
XIII. 
Een longhernia door Sibson's fascie is bij zuigelingen geen opera­
tie-indicatie. 
XIV. 
Dat de noordelijke Nederlanden slechts kortdurend tot het Ro­
meinse Rijk hebben behoord is vermoedelijk het gevolg van gebrekkig 
,,fierljeppen" bij de Romeinen en minder van de krijgskundige be­
gaafdheid der destijds daar woonachtige Friezen. 
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The tumour directed immunological response seems to play an im­
portant role in modifying or even controlling the malignant disease. 
Arguments to support this concept were obtained from numerous 
studies, done in experimental tumour bearing animals (reviewed by 
Herberman, 1 97 4 ;  Hellstrom and Hellstrom, 197 4 ). Spontaneous 
regression of solid tumours in man (Everson ea., 1966; The, 1 972; 
Baker, 1 976 ) ,  the differences in clinical course in patients having 
the same sort of tumour (Lynch, 1 976), and the higher incidence 
of malignant disease in patients who are under immunesuppressed 
circumstances (Kersey ea., 1973 ; Penn, 1974, 1976), are clinical 
arguments for the possible existance of an immunological response 
in man. Infiltration of cancer tissue by immunologic reactive cells 
has been noticed and can be regarded as an indication of such an 
immunological reactivity directed from the host against his tumour 
cells (Herberman, 1974; Joachim, 1 976a, 1976b; Alexander, ea., 
1 976). 
The proper role of this immune response is based on the following 
reactions : 
1 .  The formation of "new" tumour associated antigens (TAA), in 
the tumour cells and on the tumour cell membrane (Baldwin, 
1 973a; Mavligit ea., 1973 ; Hollinshea1d, 1974;  Herberman, 1976). 
2.  Against these TAA's an immunological response is developed, 
consisting of both, cellular- and humoral-mediated components 
(Allison, 1 972; Baldwin ea., 1 973b; 1 976 ; Hellstrom and Hell­
strom, 1 974 ; Herberman, 1 974) . 
3. Finally, these activated effector mechanisms, when mobilized 
locally at the tumour site, can lead to the destruction of the tu­
mour cells. 
Despite this, in most of the cases of human tumour bearers, tumour 
growth may take place due to several mechanisms neutralizing an 
effective immunological response and even immune reactivity is 
often impaired in cancer patients. Taking these assumptions into 
account, it can be postulated that progressive tumour growth may 
take place as a result of a negative balance in the dynamic inter­
action between the host's immune response and his tumour. To gain 
insight in this balance we have studied the relationship between the 
immunological capacity of the host, and the clinical behaviour of 
1 
the tumour. Besides, it is of interest to study the distinct immuno­
logical factors through which this interaction is established and to 
consider if one can manipulate the immune reactivity in the host, in 
favour of his prognosis. 
Because specific tumour antigens of the different bronchial carci­
noma types, are not available yet, the use of standardized primary 
test immunogens is essential in the measurement of the immune 
status of the patients. Primary immunogens better reflect the immune 
reactivity at the time of testing because anamnestic responses to 
recall antigens reveal also previous established immunity, which is 
individually different. 
In this thesis the cellular immune response in patients with bronchial 
carcinoma is investigated in relation with the different types, and 
the subsequent clinical course of the disease. This was realised by 
studies of the cellular components of the peripheral blood of the 
patients in relation with the semiquantitative determination of the 
in-vivo skin reactivity, induced by the primary immunogen 2,4-di­
nitrochlorobenzene (DNCB), using the method as described by Bleu­
mink e a. (1974), (Chapter I). The in-vitro cellular immune response 
to mitogens, recall antigens, to the primary immunogen a- Helix 
Pomatia Haemocyanin (HPH), after immunization of the patients, 
and the cellular response in mixed lymphocyte cultures (MLC), are 
reported in Chapter II. The class specific humoral immune response 
after primary HPH-immunization is shown in Chapter III, studied 
in relation with the specific cellular immune reactivity in the same 
patients. 
The presence and detection of circulating immunoglobulins, binding 
complement, and probably consisting of complexes of tumour anti­
gens and anti-tumour antibodies, which may abrogate the immune 
reactivity in the anti-tumour system, is shown in Chapter IV. 
The clinical usefulness of manipulating the decreased immune reac­
tivity in patients with bronchial carcinoma, using the non-specific 
immunomodulator Bacillus Calmette-Querin (BCG) and the possibi­
lities of monitoring the clinical course of the treated patients with 
in-vivo and in-vitro cellular immune reactivity tests, is reported in 
Chapter V. 
Finally the further development of these approaches is discussed. 
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CHAPTER I 
CELL MEDIATED IMMUNE RESPONSE IN PATIENTS WITH 
BRONCHIAL CARCINOMA. 
I. Delayed type skin reactivity to DNCB and studies on circulating 
mononuclear leucocytes. 
H. M. Jansen2, T. H. The1, M. T. Esselink1 and N. G. M. Orie2. 
From the Clinical Immunology Unit1, and the Pulmonary Division2, 
Department of Medicine, University of Groningen, The Netherlands 
Summary 
The relationship between immunological parameters and the clinical 
stages, the histological patterns and tumour surgery of bronchial 
carcinoma were studied. Skin reactivity tests to DNCB and PPD, 
differential leucocyte counts and the quantitation of T-lymphocytes 
in the peripheral blood were performed in 82 patients with bronchial 
carcinoma, in 16 healthy controls (NC) and in 19 individuals with 
low grade chronic obstructive lung disease (COLD). DNCB-skin 
reactivity was significantly decreased in all the patientgroups but the 
relation with the extent of the disease was more pronounced in 
squamous cell carcinoma (SCC) than in oat cell carcinoma (OCC). 
Surgical removal of localized SCC (SCC I and II) gave rise to an 
increase in skin reactivity. In disseminated SCC (SCC III), DNCB 
reactivity was correlated with survival time and the number of 
T-cells/mm3 peripheral blood (T/mm3). This was not the case in 
disseminated OCC (OCC III). Significant decrease in PPD skin 
reactivity was found only in SCC III. Patients with SCC III showed 
a significant leucocytosis with a lymphopenia and a monocytosis, 
whereas patients with OCC III, did not. Although normal percen­
tages of £-rosette-forming cells in the peripheral blood (TO/o) were 
shown in all the patients, absolute numbers of these cells (T/mm3) 
were found significantly lower in SCC III and not in OCC III. The 
number of patients with adenocarcinoma (AC) and large-cell un­
differentiated carcinoma were small. The AC-group however, ap­
peared to be less immunodepressed. Thus, the distinct histological 
types of bronchial carcinoma express different levels of depressed 
immuno-capacity in relation with the extent and surgical removal 
of the disease. 
4 
Introduction 
Bronchial carcinoma, which can be immunogenic for the host of 
origin12, 15, is frequently associated with an impaired cellular immu­
nocapacity17, 4, :rn. Many studies to detect the disturbances in specific 
immune reactions have been shown to be imperfect due to the vari­
ables of cell bound tumour antigens 1 1 •  In this study, the association 
of immunodeficiency with lung cancer is examined using a primary 
test antigen and with regard to the different cell populations of the 
general circulation. DNCB (2,4 dinitrochlorobenzene) is a chemically 
well defined, primary test immunogen which can be used as a quan­
titative measure for cell mediated immune reactivity2, 9• Besides 
DNCB, skin testing with PPD is the best known example to deter­
mine cellular mediated immune reactivity in-vivo in lung cancer 
patients14• However, results obtained in this test are dependent to 
the degree of previous exposure to the antigen. The skin tests are 
studied in relation with results obtained by investigations of immuno­
logical cells and their markers, in the patients peripheral blood. Be­
cause lung cancer is a disease with a variety of histological patterns, 
we tried to evaluate, using these immunological parameters, the dis­
crimination of the differences in immunocompetence of lung cancer 
patients with special regard to the heterogeniety of the disease. The 
immunological tests were performed systematically on the patients. 
The results obtained were related with clinical information regarding 
stage of the disease, histological type, therapy and evidence for 
disease activity in each examination. 
Patients and controls 
The study comprised 82 patients with histologically confirmed pri­
mary bronchial carcinoma (table I), histological tumour types in­
cluded squamous cell carcinoma (SCC), small cell undifferentiated 
(oat cell) carcinoma (OCC), large cell undifferentiated carcinoma 
(LCC) and adenocarcinoma (AC). A standard clinical work-up in 
all the patients was performed at the time of admission and sub­
sequently every 3 months, consisting of a complete history and 
physical examination, chest roentgenograms, blood cell counts, blood 
chemistry studies, sputum analysis and urine analysis. In addition, 
repeated sputum cytology, bronchoscopy, neurological examination 
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and mediastinoscopy were done. If there was any sign of metastasis, 
skeletal survey, bone scanning, liver scanning, brain scanning or 
repeated bronchoscopy were performed. The patients were than 
classified in TNM stages, according to the criteria for lung carci­
nomas proposed by the "Union Internationale Contre le Cancer" 
(UICC) Geneva, 1 97423• From the 62 patients with SCC, 22 were 
in stage I (SCC I), 1 6  in stage II (SCC ID and 24 m stage 
III (SCC III). All the 1 1  patients with OCC were m stage 
III (OCC III). From the 6 patients with AC, 5 were m stage 
I and only 1 was in stage II (Ac I (II)). 
Table I.  Data on number, histological type, stage and mean age ± /SD of bro11-
chia/ carcinoma patients and of controls. SCC = squamous cell carcinoma; 
OCC = oat-cell carcinoma; AC = adeno carcinoma; LCC = large cell undiffe­
rentiated carcinoma; NC = normal control; COLD = chronic obstructive Jung 
disease control. 
Table I 
Patients number Hist. type - stage mean age ± 1 SD 
22 sec I 63. 1 ± 8.4 
1 6  sec - II  57.8 ± 1 1 .3 
24 sec -IH 64.8 ± 7.3 
1 1  occ -Ill 60.2 ± 9.4 
6 AC - I (II) 65.7 ± 4.5 
3 LCC - III 66.0 ± 6.2 
Controls number Type mean age ± 1 SD 
1 6  NC 63.2 ± 7.8 
1 9  COLD 6 1 .8 ± 8.1 
The 3 patients with LCC were, because of the small number, dis­
carded from the study. In stage I and II patients, lung resections 
were performed by the same surgical unit (Dept. of Thoracic surgery; 
Head: Prof. Dr. ]. Homan van der Heide, State University Hos­
pital, Groningen, the Netherlands). 
The normal controlgroup (NC), consisted of 1 6  individuals with­
out a history of allergic disorder or clinical evidence of malignant 
disease and with normal lungfunction tests (mean vc:· 4.35 L ± 
* VC = vital capacity. 
**FEVl = forced expiratory volume over 1 second. 
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0.86 = 1 SD; mean FEV1•=·•:· 3 .08 L ± 0.77. Mean predicted VC 
4.1 7 L ± 0.67. Mean predicted FEVl 2.78 L ± 0.56). Nine of them 
were healthy volunteers, 3 did not have a benign pleura cyst, 2, an 
old pulmonary infarction, 1 a benign inflammatory fibrous pseudo­
tumour and 1 an old roentgenologic lesion. In addition 19 individuals 
with low grade chronic obstructive lung disease (COLD) and with­
out clinical evidence of malignant disease were included (mean VC 
3.97 L ± 0.59; mean FEVl 2 .1 8  L ± 0.55. Mean predicted VC 
4.32 L ± 0.48 ;  mean predicted FEVl 2 .80 L ± 0.40). All the con­
trols were matched on age, sex and furthermore the amount of 
cigarettes used per day was taken into account. None of the patients 
or the controls received chemotherapy, radiotherapy or cortico­
steroids, before or at the time the tests were performed. 
IMMUNOLOGICAL STUDIES 
Immunological tests were performed at the moment when the diag­
nosis was established, before any treatment was started and sub­
sequently 1 4  weeks thereafter. 
DNCB (2,4-DINITROCHLOROBENZENE) SKIN TESTS 
Sensitization and challenges were performed as previously described 
by Bleumink et al.2• 2000 ,ug of DNCB, recrystallized twice, was 
topically applied within an area of a 2 cm polythene ring on the 
volar side of the arm. Challenges were performed by patch testing 
the patients on their backs with 30, 10 and 3 ,ug of DNCB in 
acetone, 2 weeks later. These amounts were selected because higher 
doses were found to lead to irrative skin reactions. The reactions 
after 48 hours of challenge were graded 0 + to 4 + according to the 
common practice in allergology2, 9• The sum of the plus reactions 
was taken as a measure for DNCB reactivity, ("DNCB-score") . To 
avoid the influence of booster effects, rechallenging was performed 
only once at 1 4  weeks and with the lowest dose of 3 ,ug. 
PPD SKIN TESTS 
lntracutaneous tests with purified protein derivative (PPD), 0 .1  ml, 
intermediate strength (Rijks lnstituut voor de Volksgezondheid, 
RIV, Bilthoven, the Netherlands) injected intradermally were per-
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formed and results were recorded at 48 hours as millimeters of in­
duration. A response with a diameter> 5 mm was taken as positive. 
PERIPHERAL BLOOD; WHITE BLOOD CELL COUNTS 
Peripheral blood samples were always taken at the same time of the 
day. Numbers of leucocytes per mm3 peripheral blood were calcu­
lated in a coulter counter (Coulter Electronics Ltd., Dunstable 
England) . Quantitative differential leucocyte counts were performed 
using the "spin smear method" in a Corning-Lare-Spinner (Corning, 
USA) to avoid unequal distribution of the different cell types in the 
spreads on the glass slides. We thus considered the counted leucocytes 
as a random sample of those in the smear making the extent of the 
inaccuracy that is inevitable inherent in the method used for diffe­
rential counts, as small as possible22• Two hundred cells were counted 
twice in different randomised chosen fields. The mean value of the 
counted percentages of lymphocytes was used. 
E-ROSETTING TESTS 
Rosetting technique was performed as described by Jondal et al.16• 
In short: from venous heparinized blood, monocytes were removed 
by carbonyl iron treatment. Lymphocytes were purified on Ficoll­
Isopaque gradients3• The final concentration of the lymphocyte sus­
pension in RPMI medium was adapted to 2 X 1 06 cells per milli­
liter. Fresh sheep red blood cells (SRBC) stored in Alsever-Buffer 
1 : 1 ,  were washed 3 times in RPMI medium, 0.1 ml of the resus­
pended SRBC-pellet were added to 4.9 ml RPMI medium. Using 
glass tubes (50 X 7.5 mm) 0.05 ml of the SRBC suspension and 0.1 
ml of the lymphocyte suspension were added to 0.05 ml foetal calf 
serum, which had been absorbed against an equal volume of the 
same SRBC for 30 min. at 4° C and heat-inactivated at 56° C for 
30 min. The cell suspension were gently mixed and incubated at 
37°C for 10 min., centrifuged at 200 g for 5 min., placed in an 
icebuckett for 60 min., resuspended by gently turning in the fingers 
and stained by adding one drop 0.1°/o brilliant cresyl bleu. Coun­
ting was performed on a haemocytometer chamber. Two hundred 
cells form each sample were counted and the percentage of SRBC­
rosettes was determined. Cells were recorded as rosettes, only when 
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at least 3 SRBC were bound. The following formula was used to 
determine the absolute number of E-rosette-forming cells per 
mm3 peripheral blood (T-cells/mm3), number of leucocytes/mm3 x 
O/o lymphocytes O/o E-rosette-forming cells 
x - T cells/mm3• 
100 100 
STATISTICAL ANALYSIS 
Mean values obtained in skin tests, leucocyte counts studies and E­
rosetting tests were compared, using the Student-t-test. The number 
of patients with decreased skin reactivity and absolute numbers of 
T-cells/mm3 were evaluated by Chi-square analysis. P values < 0.05 
were considered significant. 
Results 
DNCB SKIN TESTS 
Figure 1 shows DNCB-scores in the different clinical stages and 
histological types in relation to the subsequent course of the disease 
and compared wtih the NC and the COLD group. No significant 
difference in scores was observed between the latter two groups. In 
the different stages of SCC-patients the DNCB reactivity was found 
significantly decreased (SCC I, p < 0.01 ; SCC II, p < 0.001 ; 
SCC III, p < 0.001) compared with the control groups. In 
OCC III patients however, there was only a slight decrease, (p < 
0.05) and in AC I (II) patients there was a strong variability in the 
values obtained. Table II shows the results of DNCB rechallenge 
after 3 months with only the 3 ,ug dose, performed in SCC I and II 
after tumour surgery and in COLD as a control. In the latter group 
there was a slight rise in percentage of skin reactions ;;;i:> 1 + (from 
73.3°/o to 86.7°/o) as an evidence of the existing booster effects. 
After surgical tumour removal in the SCC groups however, this rise 
in DNCB reactivity was much more pronounced (SCC I :  from 
27.80/o to 55 .60/o; SCC II : from 29.41l/o to 52.911/o). In the AC 
group no difference in skin reactivity was found after rechallenging. 
DNCB SKIN TESTS-SURVIVAL 
In surgically treated patientgroups, survival studies need a long time 
9 
for follow-up. Therefore, in the present study, only the relation is 
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Figure 1. DNCB-skin test-scores in patients with various stages and different 
histological patterns of bronchial carcinoma, compared with two control groups. 
Cross bars indicate mean scores. Closed circles indicate patients death or with 
tumour progression within 12 months after diagnosis. Significantly decreased 
scores were found in SCC-1 (p < 0.01), SCC-11 (p < 0.001) and SCC-111 
(p < U.001). In OCC-lll there was only a slight decrease of scores (p < 0.05). 
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f1r.>t 3 months 
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5/ 18 (27.8) 
rcchallengc lirst challenge rcchallenge 
after before after 
operation operation operation 
10/18 (55.6) 5117 (29.4) 9/17 (52.9) 
Table II. DNCB-skin test-scores in squamous cell carcinoma patients with loca­
lized (stage /) and locally advanced (stage 11) disease, before and 3 months after 
operation and compared with COLD control group. Values are numbers of 
positive reacting subjects (percentage in brackets) versus numbers in each group 
tested. 
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patients, who did not get any other treatment than palliation, not 
long before they died. 
Figure 2 shows the correlation between the observed DNCB-scores 
in 25 SCC III patients and the survival time in months from the 
moment of admission, until 16 months follow-up. There is a corre­
lation between the estimated DNCB-scores and the survival of the 
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Figure 2. Correlation between the observed DNCB-score,s in 25 SCC-III patients 
and the survival months after admission, ill a follow-up of J 6 months (corre­
lation coefficient r = 0.68, p < 0.01 ). 
PPD SKIN TESTS 
Patients with bronchial carcinoma showed a decreased reactivity in 
PPD skin tests, compared with the controlgroup, as shown in table 
III. The number of patients with a positive reaction in the SCC III 
group was significantly lower compared to controls (p < 0.05). In 
all the other patientgroups there was a decreased number of positive 
11 
PPD reactions as well but the differences with the controlgroup were 
not significant. 
Table lll. PPD-skin test results in patie11ts with various stages a11d different 
histological pattems of bro11chial carcinoma. The 1111mbers of positive reacting 
patients (percentage in brackets) are given in comparison with values obtained in 
the control groups. SCC-//1 differed sig11ifica11tly from the co11trols (p < 0.05). 
Table III 
no PPD;;..-5 (%) PPD neg. P-value* 
NC+ COLD 35 22 (62.9) 1 3  
sec 1 23 12 (52.2) II n.s. 
sec n 1 6  8 (50.0) 8 n.s. 
sec m 28 9 (32.1)  19 <0.05 
OCC III 1 1  5 (45.5) 6 n.s. 
ACC I (II) 6 3 (30% )  3 insufficient 
number of observations 
* Difference from controls by Chi-square analysis. 
PERIPHERAL BLOOD, WHITE BLOOD CELL COUNTS 
Data on number of leucocytes per mm3 peripheral blood (L/mm3), 
differential white blood cell counts, percentage T-cells and T-cells/ 
mm3, found in the different clinical stages of the patients and in the 
controls, are summarized in table IV. In SCC III a striking leuco­
cytosis was found which differed significantly (p < 0.01) from the 
values obtained in the controlgroups. In the other patientgroups, 
L/mm3 did not differ from the controls. The number of polymorpho­
nuclear leucocytes (PMN/mm3) was significantly increased, com­
pared with the controls, in SCC I (SCC I-NC: p < 0.05 ; SCC 
I-COLD: p < 0.01),  and in SCC III (SCC III-NC: p < 0.01 ; 
SCC III-COLD: p < 0.01), but not in SCC II. In OCC III no 
difference was found compared with NC but difference was only 
found compared with COLD (p < 0.05). Significantly decreased 
numbers of lymphocytes (ly/mm3) were found in SCC II, compared 
with COLD controls (p < 0.05) and in SCC III, compared with 
NC and COLD controls, (resp. p < 0.05, p < 0.0 1 ), but not in 
SCC I, and in OCC III. Only in SCC III a statistically significant 
monocytosis existed compared with the controls (SCC III-NC: 
p < 0.05 ; SCC III-COLD: p < 0.01) .  Normal numbers of mono-
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cytes were found in the other patientgroups. AC I (II) appeared to 
have normal white blood cell counts. 
Table IV. Mean values ± !SD of leucocytes per 111111·1 differential leucocyte 
counts, percentage T-cells and T-cells/1111113 of the peripheral blood of patients 
in different stages and histological pattems of bronchial carcinoma, compared 
with two control groups. For statistical evaluation of the results, see the text. 
Table IV 
Group N Peripheral blood 
Leuc/mm3 PMN/mm3 Ly/mm3 M o/mm3 T-% T/mm• 
NC 14 mean 7235.7 4467.8 2270.4 392.3 70.2 1 60 1 .2 
(± 1 SD) ( 1 677.3) (1454. 1 )  (542.7) (188.4) (10.8) (325.6) 
COLD 1 9  mean 7 126.3 4 1 0 1 .8 2467.4 382.0 64.3 1 626.8 
(± 1 SD) ( 1 1 67. 1 )  ( 1094.6) (714. 1)  ( 152.9) (7.4) (567.2) 
sec 1 22 mean 7822.7 5779.8 248 1 .3 385.7 65.1 1 5 1 7.9 
(± 1 SD) ( 1920.8) ( 1 705. 1)  (892.4) (225 . 1 )  (8.6) (628.4) 
sec n 1 6  mean 72 18.7 4784.6 1 88 1 .7 384.5 71.8 1430. 1 
(± 1 SD) ( 1 833. 1) ( 1 679.7) (685.1)  ( 1 65.2) (9.3) (487.1) 
sec m 24 mean 1 0 1 54.2 7 1 7 1 .9 1 713.4 869.5 63.5 1 180.9 
(± 1 SD) (3931 .3) (3098.0) (784.0) (485. 1 )  (8.2) (473.2) 
OCC III 1 1  mean 788 1 .8 5055.5 2 1 6 1 .9 479.6 70.8 1 504.4 
(± 1 SD) ( 1 670.8) (1086.4) (5 1 3.2) (348.3) ( 10.9) (325.6) 
AC I (II) 6 mean 6550.0 3896.6 1 945.3 360.2 73.2 1415.0 
(± 1 SD) (1 395.4) (946.4) (550.5) ( 1 96.7) (8.3) (424.1) 
E-ROSETTING TESTS 
The percentage of E-rosetting cells (T-cells), found in the peripheral 
blood of the different patientgroups, did not show any differences 
compared with the values obtained in the controlgroups. The varia­
bility of the testresults within the groups was rather strong. The 
absolute number of T-cell/mm3 peripheral blood however, was 
parallel with the decreased number of lymphocytes/mm3, signifi­
cantly decreased in SCC III (p < 0.0 1 )  and not in the other patient­
groups. 
CORRELATION T-CELLS/MM3 AND DNCB SKIN TESTS 
Finding the number of T/mm3 and the skin reactivity to DNCB 
significantly decreased mostly in SCC III, the results obtained from 
these assays, expressing more quantitative (T/mm3) or more func­
tional (DNCB), defects in the thymus dependent cellular immune 
function, were correlated. 
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Table V. Interrelationship among DNCB-skin test-scores and the absolute number 
of peripheral blood £-rosette-forming lymphocytes in 21 patients with dissemi­
nated sec (stage 111), demonstrating a statistically significant positii'e correlation 
among the assays. 
Table V 
number 
of assays* observed 
assays patients com bi- expected*'� number of observed stat. analysis 
compared studied nations frequency patients frequency l2 p 
DNCB and 2 1  DE 0.09 5 0.238 5.62 <0.05 
E/mm3 i n  de 0.47 1 1  0.523 
SCC-III De 0.28 1 0.05 
dE 0. 1 5  4 0. 1 9 1  
* D = normal DNCB reactivity = ;;,; 5+; d = impaired DNCB reactivity 
= < 5+; E = normal absolute E rosette count = � 1200/mm3; e = low 
absolute E rosette count � < 1200/mm3• 
** Expected frequency of result is calculated from the respective proportions 
of patients in the population having normal or abnormal scores in each 
individual assay. 
Table V shows the expected - and observed frequencies of the diffe­
rent combinations of normal and abnormal values of T-cells/mm3 
and DNCB skin tests, obtained in the individual SCC III patients. 
The results of the two assays correlate in 1 6  of the 2 1  = 76.20/o of 
the cases. 
Assuming the independence between the assays, the expected fre­
quency of correlation would be 560/o. When tested by the x2 analysis, 
the difference between observed and expected frequencies of corre­
lation was significant (x2 = 5.62, p < 0.05). No correlations were 
found between these two values in the other patientgroups. 
Discussion 
This study, regarding immune responsiveness of patients with pri­
mary bronchial carcinoma, revealed a decreased cellular immune 
response in different patientgroups, compared with studies performed 
in matched controls. Decreased DNCB skin reactivity in bronchial 
carcinoma was reported by several authors13, 17, 24• Israel14 noticed 
an inability to become sensitized to DNCB in patients, still showing 
positive intracutaneous skin tests with recall antigens, suggesting 
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that the primary response as tested by DNCB skin test is suppressed 
prior to that of the secondary response. The sensitivity of DNCB­
skin tests can be increased by quantitating the degree of sensitization 
and by using low challenge doses to avoid erroneous readings by 
toxic skin responses2, 9• Skin testing with PPD as a recall antigen 
may not be reliable because of the incidence of anergy due to lack 
of previous exposure to this antigen. Using this test we found only 
in the disseminated carcinoma patients a more pronounced decrease, 
while the DNCB test reveals already decreased results in a more 
early stage of the disease. Sequential studies with DNCB skin tests 
may not be reliable because of the appearance of booster effects. 
Even in the present study, where rechallenge was performed only 
with the lowest dose of 3 ,ug, these booster effects appeared. After 
surgical removal of the tumours however, there was a stronger im­
provement of DNCB reactivity as might be expected from booster 
effects alone. Why anergy to DNCB is associated with bearing a 
tumour is not clear. Circulating "blocking factors"5, 1<l or hyper­
active suppressor T-cells, activated by the tumour7 may play a role 
in suppressing the cellular immune reactivity. Tumour-induced 
changes in the amounts of mediating mononuclear cells however, 
may be important as well. The existence of lymphopenia in SCC II 
and SCC III, shown in the present study, is comparable with the 
results reported by Lee et al.19 found in other malignancies. T-cells 
in the human peripheral blood are identified by their ability to form 
E-rosettes16, 18, 25• Changes in the T-cell percentage detected in bron­
chial carcinoma patients has been used as an index of immunocom­
petence of the tumourhost6, 8• In contrast however, Roberts et al.21 
found normal T-cell percentages in the different stages of bronchial 
carcinoma. Our findings are most consistent with this latter report. 
Taking the above lymphopenia into account, we found the numbers 
of T-cells per mm3 markedly decreased in advanced SCC patients. 
The variable levels of granulocytosis found in our different patient­
groups are most likely caused by the frequently occuring broncho­
pneumonic infections, as a complication of bronchial carcinoma. The 
question raises whether depressed cellular immune reactivity in sec 
but less in OCC can be explained by possible differences in the 
clinical condition between patients of these groups. However, in our 
1 5  
studies the sec patients were not in a more worse clinical condition 
than the OCC patients. The lymphopenia and monocytosis observed 
in some patientgroups in this study must be taken into account in 
further immune status studies because both these cell populations 
play an important role in the immunological response. 
Differences in the amounts of infiltrating immunological cells in 
cancer tissues has been noticed1, 15, and can be regarded as an indi­
cation of differences in the immunogenicity of the tumours. Joachim 
et al.15 described that well differentiated squamous cell carcinoma 
did show the largest amounts of cellular infiltrates, whereas oat-cell 
carcinomas were almost entirely devoid of these cells. Our findings 
of a less decrease in immune reactivity patterns and less altered 
amounts of circulating mononuclear cells in OCC patients, compared 
with the findings obtained in sec patients in the same stage of the 
disease, may be in favour of this difference in immunogenicity 
elicited by these two tumour types. In this respect it is important to 
note that a decreased number or T/mm3 expressing the more quanti­
tative cellular immune status, was correlated with the more func­
tional defect in thymus dependent cellular immune function, reflec­
ted by the decreased DNCB skin reactivity. This phenomenon was 
found in SCC III but not in OCC III. This supports the hypothesis 
that the role of control of the tumourgrowth in sec is more impor­
tant than in OCC. In conclusion to this immune status study we can 
say that the DNCB skin test and the determination of the amount 
of circulating lymphocytes in bronchial carcinoma patients, can give 
us more information about the tumour-host relationship. These 
assays may also be useful devices in gaining more prognostic infor­
mation and in monitoring therapy, especially immunostimulation. 
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CHAPTER II 
CELL MEDIATED IMMUNE RESPONSE IN PATIENTS 
WITH BRONCHIAL CARCINOMA 
II. In-vitro lymphocyte reactivity induced by mitogens, antigens 
following immunization and in mixed lymphocyte cultures. 
H. M. Jansen2, T. H. The1, M. T. Esselink1 and N. G. M. Orie2• 
From the Clinical Immunology Unit1, and the Pulmonary Division2, 
Department of Medicine, University of Groningen, The Netherlands. 
Summary 
In-vitro lymphocyte reactivity was evaluated in 69 patients with 
different clinical stages and histological patterns of bronchial carci­
noma, in comparison with 12  normal controls (NC) and 1 8  indivi­
duals with low grade chronic obstructive lung disease (COLD). 
Lymphocyte stimulation was induced by the mitogens, PHA (phyto­
haemagglutinin), Con A (concanavalin A) and PWM (pokeweed 
mitogen), and antigens, HPH (a-haemocyanin of Helix pomatia), 
Diphtheria toxoid, and with PPD (purified protein derivative). 
HPH and Diphtheria toxoid were used for immunization before. 
Besides, also lymphocyte reactivity in MLC's (mixed lymphocyte 
cultures) was studied. The relationship between these tests and the 
clinical stage, the histological patterns and the surgical treatment of 
bronchial carcinoma was evaluated. A statistically significant de­
crease in mitogen induced lymphocyte reactivity was found in squa­
mous cell carcinoma (SCC), mainly in advanced disease. In contrast, 
PHA and Con A induced lymphocyte stimulation in disseminated 
oat-cell carcinoma (OCC III) was normal. HPH induced lympho­
cyte reactivity after primary immunization showed the most clear 
relationship with the extent of sec compared with results obtained 
by the secondary immunogen diphtheria toxoid after immunization. 
Also in antigen stimulation, OCC III showed normal, or only 
slightly decreased responses. PPD induced lymphocyte reactivity 
did show minor changes only in sec compared with normal con­
trols. No correlation between mitogen induced lymphocyte reacti-
19  
vity and the subsequent surgical treatment in sec could be demon­
strated. Lymphocyte reactivity in the MLC was found significantly 
decreased in SCC III but not in OCC III. Only lymphocyte reac­
tivity induced by antigens following immunization was related with 
the further course of the disease. The number of patients with 
adeno carcinoma (AC) was small. This group however, appeared 
to show less decreased in vitro lymphocyte reactions. 
It is concluded that the distinct histological types of bronchial 
carcinoma express different levels of decreased in-vitro immuno­
capacity in relation to the extent and further course of the disease. 
HPH-induced lymphocyte reactivity after primary immunization, 
appeared to be the most useful and discriminating assay in this 
respect. 
Introduction 
Patients with bronchial carcinoma often show defects in cell media­
ted immunity as detected by delayed type skin reactions to recall 
antigens, to DNCB (2,4 dinitrochlorobenzene) after primary sensiti­
zation and, in-vitro, by lymphocyte reactivity in response to PHA 
.(phytohaemagglutinin)16 •  Many of the results obtained in these 
studies are controversial and it seems reasonable to assume that 
better results can be obtained if the number and distribution of the 
different peripheral blood mononuclear cells of lung cancer pa­
tients and the heterogeneity of the disease are taken into account. 
In our previous study9 we have shown that this holds true for the 
in-vivo tested cellular immune reactivity. Possible defects in lym­
phocyte functions may be detected in an earlier clinical stage by 
testing specific antigen induced in-vitro reactivity after de novo im­
munization with a primary immunogen, which is probably a more 
sensitive test of lymphocyte function than reactivity to recall anti­
gens or mitogens. It is generally agreed that the test immunogen 
used in these studies is of major importance of the results obtained. 
Haemocyanin of Helix Pomatia (HPH) can be used to test the 
primary lymphocyte response6, 10• HPH is a macromolecular respi­
ratory protein from the Roman snail (Helix Pomatia), which can 
easily be isolated while its physical and chemical properties are well 
20 
known. It can be used as a clinically unharmful, strong primary 
immunogen5, 18 • 
The aim of the present study was to determine if the in-vitro lym­
phocyte reactivity to mitogens and to primary and secondary im­
munogens after immunization, are useful devices in immune status 
studies of these patients. Results obtained were related with the 
alterations occuring in patients lymphocyte reactivity induced by 
allogeneic normal pool mononuclear cells in mixed lymphocyte 
cultures (MLC). Relations with the histological type of the tumour, 
the clinical stage, and the subsequent course of the disease were 
studied. 
Patients and methods 
The study comprised 69 patients with bronchial carcinoma of the 
same groups, including the same histological tumour types and 
after the same standard clinical work-up as described previously9• 
The patients were classified in TNM stages, according to the 
criteria for lung carcinoma proposed by the "Union Internationale 
Contre le Cancer" (UICC) - Geneva 197417• From the 49 patients 
with squamous cell carcinoma (SCC) 19  were in stage I (SCC I), 
1 2  in stage II (SCC II) and 18 in stage III (SCC III) . All the 1 1  
Table I. Data 011 1111mber, lzisto/ogica/ type, stage a11d mea11 age ± /SD of 
bro11clzia/ carci11oma /Jatie11ts a11d of controls. SCC = SQl/alllOllS cell carcinoma; 
OCC = oat-cell carci11oma; AC � adeno carcinoma; LCC = large cell 1111dif­
fere11tiated carcinoma; NC - normal control; COLD = chronic obstructive lung 
disease control. 
Table I 
Patients number Hist. type - stage Menn age ± 1 SD 
1 9  sec - I  63.2 ± 7.9 
1 2  sec - TI  57.7 ± 1 1 .3 
18 sec - Ill 66.7 ± 8.0 
1 1  occ - Ill 60.2 ± 9.4 
6 AC - I 01) 65.7 ± 4.5 
3 LCC - ID  66.0 ± 6.2 
Controls number Type Mean age ± 1 SD 
1 2  NC 63.6 ± 9.0 
1 8  COLD 61.6 ± 7.6 
2 1  
patients with oat-cell carcinoma (OCC) were in stage III (OCC III) . 
From the 6 patients with AC, 5 were in stage I and only one was in 
stage II (AC I (II)) .  The 3 patients with large-cell-undifferentiated 
carcinoma (LCC) were, because of the small number, discarded 
from the study. In stage I and II patients, lung resections were 
performed by the same surgical unit (Dept. of Thoracic Surgery; 
Head: Prof. Dr. ]. Homan van der Heide, State University Hos­
pital, Groningen, The Netherlands). 
The normal controlgroup (NC) and the additional controlgroup of 
individuals with low grade chronic obstructive lung disease (COLD) 
consisted of the same persons as described in the previous study9• 
TEST ANTIGENS 
1 . Helix Pomatia Haemocyanin (HPH) was kindly provided by 
the Biochemical Department of the University of Groningen and 
used in purified form as previously described5• 
2. Diphtheria-tetanus toxoid (Rijksinstituut voor de Volksgezond­
heid, RIV, Utrecht, The Netherlands) 1 ml, containing 5 Lf 
diphtheria toxoid and 1 0  Lf tetanus toxoid. 
IMMUNOLOGICAL STUDIES 
Immunological tests were performed always at the same time of the 
day after the diagnosis was established and before any treatment 
was started. Patients were immunized with 1 mg HPH subcuta­
neously in the deltoid region, as previously described5 and with 
0.5 ml Diphtheria-tetanus toxoid intramuscularly. At 2 weeks after 
immunization venous heparinized blood was sampled for lympho­
cyte stimulation tests in-vitro. The same studies were done in the 
controls .In stage I and II patients, surgical treatment always took 
place longer than 2 weeks after immunization. Serial studies were 
performed, 8 weeks after immunization in 1 1  of the SCC I patients. 
In the SCC II patients, these studies were done in the context of a 
BCG-immunotherapy trial which they entered after the operation12• 
In the stage III patients, serial studies were not feasible because 
most of these patients received intercurrent adjuvant palliative 
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Table II 
Group Mitogcns dpmlmm' 
PHA 1 pl/ml Con-A 1 11glml PWM 10 /lg/ml 
NC mean n =  755.3 n =  592.4 n =  856.8 
2 wks. a.i.• (± 1 SD) 1 2  (21 1 .2) 1 2  (339.2) 12  (492.9) 
COLD mean n =  798.6 n =  479.6 n =  732.3 
" (± I SD) 1 8  (491.7) 1 8  (342.6} 18 (330.2) 
sec 1 mean n =  631.2 n =  2 19.3 n =  500.1 
.. (± I SD) 1 9  (613.4) 1 8  (216.8) 18 (308.2) 
sec u mean n =  381.1 n =  130.1 n =  473.4 
" (± I SD) 1 2  (309.2) 1 1  (109.9) 1 2  (418.9) 
sec m mean n =  349.2 n =  138.7 n =  189.4 
" (± I SD) 1 8  (280.3) 1 7  (206.2) 16 (188.1) 
OCC IU mean n =  972.5 n =  41 1 .8 n =  446.5 
" (± I SD) 1 1  (33 1 . 1) 1 0  (292.9) 10 (274.3) 
.AC I (II) mean n =  865.8 n =  388.l n =  444.7 
" (± I SD) 6 (790.2) 6 (242.2) 6 (299.0) 
sec r mean n =  606.9 n =  2 1 7.4 n =  568.6 
JI wks.a.i. (± 1 SD) 1 1  (332.9) 1 1  (195.9) 1 1  (519.9) 
• a.i. = after immunization. n = number of subjects in each group. 
Antigens dpm 'mm' MLC 
HPH 50 /lg/ml Diphth. 10 Lf/ml PPD 3 pg/ml dpm/wcll 
n =  15 1.5 n =  145.4 n =  452.5 n =  10779.2 
1 2  (85.8) 10 (99.1) 1 2  (494.9) 12 (5305.i) -
n =  2 1 2. 1  n =  136.7 n =  239.3 n =  9902.7 
1 7  (98.9) 17 (106.4) 18 (383.5) 18 (533 1 .7) 
n =  36.8 n =  41.5 n = . 130.7 n =  9374.9 
1 8  (24.3) 1 6  (51 .0) 18 (201 .4) JO (5518.8) 
n =  1 6.5 n =  28.5 n =  63.8 
1 1  (17.7) 1 1  (52.8) 1 1  (103.8) 
n =  10.5 n =  26.8 n =  105.5 n =  4172.9 
1 8  (12.7) 15 (40.9) 1 7  (167.7) 9 (1465.4} 
n =  70.8 n =  70.8 n =  177.6 n =  9533.6 
10 (53.7) 10 (53.7) 9 (246. J) 9 (6931.2) 
n =  82.1 n =  30.5 n =  22.1 
6 (133.7) 6 (23.6) 6 (28.1) 
n =  6.4 n =  12.1 n =  252.3 
10 (5.9) 1 1  ( 1 1 .2) 10 (295.7) 
LYMPHOCYTE STIMULATION TESTS 
Lymphocytes were purified on Ficoll-Isopaque gradients1• Lympho­
cyte cultures were performed according to a micro-culture technique 
in round bottom CookeR microtiter plates as described by Du-Bois 
et al.3• Phytohaemagglutinin (PHA-Burroughs-Wellcome, 1 pl/ml), 
Concanavalin A (Con-A-Calbiochem, 1 pg/ml) and Pokeweed mito­
gen (PWM-Gibco-Grand Island NY-USA, 1 0  Jtg/ml), induced lym­
phocyte transformation was recorded in 30 x 1 03 lymphocytes per 
well. Antigen stimulation with Haemocyanin (HPH-50 pg), Diph­
theria toxoid (RIV, The Netherlands, 1 0  Lf/ml), and with puri­
fied protein derivative (PPD) (RIV, 3 Jtg/ml) on 1 00 x 1 03 lym­
phocytes per well. 
Lymphocytes transformation was recorded in the presence of 25°/o 
normal human control serum, pooled from 150 random donors. The 
sera were inactivated for 30 min. at 56° C and stored at -80° C. 
Lymphocyte cultures were incubated in 0.1 ml RPMI-1 640-medium 
+ Hepes 25 mM at 37° C in humidified 50/o C02 in air atmosphere 
for 5 days for mitogen stimulation and 6 days for antigen and 
MLC-stimulation. Sixteen hours before harvesting, 25 pl (6-3H) 
thymidine (Radiochemical Center, Amersham, England, 0.5 11Ci: 
specific activity 400 mCi/mM) was added. A multiple cell culture 
harvester (Skatron, Norway) was used with glass fiber filters which 
were dried at 60° C for 60 min. and transferred to counting vials. 
After addition of 5 ml of scintillation fluid, counting was performed 
in a liquid scintillation counter (Packard Tricash-2450). 
The following formula was used to determine the desintegrations 
per minute per mm3 peripheral blood 
dpm/well in stimulated cultures - dpm/well in unstimulated cultures 
number of lymphocytes per well 
x number of lymphocytes/mm3 peripheral blood. 
MIXED LYMPHOCYTE CULTURES (MLC) 
For the mixed lymphocyte cultures, 1 00 x 1 03 cells from patients 
or controls were mixed with 1 00 x 1 03 pool cells of normal donor 
lymphocytes. The pool cells were treated with Mitomycine C-M-
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0503, 32 pg/ml (Signa Chemical Cy, St. Louis, USA), and then 
washed 3 times. 
Conditions of culturing, harvesting and recording the thymidine 
incorporation in the MLC were the same as described above. 
DIFFERENTIAL LEUCOCYTE COUNTS 
Quantitative differential leucocyte counts were performed as pre­
viously described9, using the spin smear method to avoid unequal 
distribution of the different cell types in the spread of the glass 
slides. Two hundred cells were counted twice in different randomi­
sed chosen fields. The mean value of the counted percentages of 
lymphocytes was used. 
STATISTICAL ANALYSIS 
Statistical analysis was performed by the Student's-t-test. The Wil­
coxon's rank-sum test was used comparing the data obtained in 
MLC's. P-values < 0.05 were considered significant. 
Results 
Data on age, clinical stage and histological types, are given in table 
I. Results obtained in mitogen and antigen induced lymphocyte 
stimulation tests and in MLC are summarized in table II. 
MITOGEN INDUCED LYMPHOCYTE STIMULATION 
Figure 1 shows the PHA, Con-A and PWM-induced blastogenic 
response in the patient groups as in the controls. PHA-stimulation 
was significantly decreased in SCC-patients with locally advanced, 
(SCC II) (p <0.01 and p <0.05) and with disseminated disease 
(SCC III) (p < 0.001 and p < 0.01) compared wtih the NC and 
the COLD group. Patients with localized SCC (SCC I) and AC 
(AC I), but also the disseminated OCC group did show normal 
PHA stimulation. Con-A stimulation was depressed in all the pa­
tients with SCC (SCCI, p < 0.01 ,  SCC II, p < 0.01 and SCC III, 
p < 0.001 )  but not in OCC III and in AC I (II) . PWM-induction 
did show a more variable pattern with only a markedly depression 
in SCC III patients (p < 0.001 )  and a lesser one in SCC I 
(p < 0.05) and OCC III (p < 0.05). Results obtained in antigen 
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induced lymphocyte proliferation are given in figure 2. Two weeks 
after primary immunization the lymphocyte reactivity to HPH was 
significantly depressed in all the $CC-patients compared with the 
control groups (SCC I-NC: p < 0.00 1 ;  SCC I-COLD: p < 0.001 ; 
sec II-NC: p < 0.001 ; SCC-II-COLD: p < 0.001 ; sec III-NC: 
p < 0.001 and SCC III-COLD: p < 0.001) .  In OCC III patients 
however, this depression was not significant different compared with 
NC and only less, compared with COLD (p < 0.05). The same 
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Figure 1 .  Lymphocyte reactivity to PHA , Con-A and PWM in patients with 
various stages and different histological patterns of bronchial carcinoma, com­
pared with two control groups. Cross bars indicate median response. For statis­
tical evaluatio11 of the results, see the text. 
After immunization with Diphtheria toxoid the same pattern of 
depressed lymphocyte response was found but less clear in SCC I 
and II (SCC I-NC: p < 0.01 ; SCC I-COLD: p < 0.0 1 ;  SCC 
II-NC: p < 0.01 ; SCC II-COLD: p < 0.01) and more pronounced 
in sec III (SCC III-NC: p < 0.00 1 ;  sec III-COLD: p < 0.01) .  
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Response in OCC III was normal again. Stimulation with PPD as 
an antigen showed rather wide variations. In OCC III patients it 
was normal. Only compared with the NC group there was a slight 
depression in sec-patients (p < 0.05). 
dpm/mm 3 dpm/mm3 
H PH. 
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Figure 2. Lymphocyte reactivity to HPH and Diphtheria toxoid, 2 weeks after 
immunization and to PPD i11 patients with various stages and different histolo­
gical patterns of bronchial carcinoma, compared with two control groups. Cross 
bars indicate median response. For statistical evaluation of the results, see the 
text. 
MIXED LYMPHOCYTE CULTURES, performed in sec I, III and occ 
III did show a significant depressed response of SCC III lympho­
cytes (p < 0.02), but not in the other patientgroups compared with 
the controlgroups as can be seen in figure 3. 
CORRELATION LYMPHOCYTE REACTIVITY-SURVIVAL 
For the same reason as described in the previous study9 only the 
relation was studied between lymphocyte reactivity and survival 
time in SCC III patients. Results obtained in lymphocyte cultures 
27 
induced by mitogens and PPD did not show any correlation with 
the survival. Only lymphocyte reactivity induced by antigens fol­
lowing immunization (HPH and Diphtheria toxoid) was related 
with the further course of the disease (HPH : r = 0.56. p < 0.05 ; 
Dipht. t. : r = 0.68. p < 0.05). 
20 
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Figure 3. Lymphocyte reactivity (dpm/well) in mixed lymphocyte cultures (MLC) 
with mitomycin-treated normal donor pool lymphocytes in patients with localized 
SCC (SCC-1), disseminated SCC iSCC-111) and disseminated OCC (OCC-111) 
compared with two control groups. In SCC-111 the M LC-reactivity was signifi­
cantly decreased (p < 0.02), in SCC-1 and OCC-111 it was not different from 
the controls. 
Discussion 
This study confirms that the peripheral blood lymphocytes of pa­
tients with advanced bronchial carcinoma, showed depressed res­
ponsiveness to mitogens and antigens in lymphocyte stimulation 
tests. This is in agreement with other observations on the impaired 
proliferation of lymphocytes of lung cancer patients2, 8, 14• The pre­
sent results however, are showing also that more useful test results 
can be obtained using the primary immunogen HPH, as was the 
case in the in-vivo experiments after de novo sensitization with 
DNCB9. The application of these primary immunogens in immune 
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competence investigations appeared to be important to distinguish 
the more subtile differences in early clinical stages and in different 
histological types of the disease. An important drawback of secon­
dary test immunogens seems especially the variation in previous 
exposure to these antigens. Taking into account the number of lym­
phocytes per mm3 of the peripheral blood, better information is 
obtained, than expressing lymphocyte reactivity per culture only. 
As was previously shown in the in-vivo immune response to DNCB9, 
also in the HPH-induced in-vitro reactivity, depression of the cell 
mediated immune response was less strong in OCC III patients 
compared with SCC III. In the latter group only responses to anti­
gens following immunization were correlated with the further 
course of the disease. The same correlation in the same group of 
patients was seen in DNCB reactivity9• In an immune status study 
of patients with malignant melanoma, using the same primary im­
munogen like Haemocyanin, De Gast et al.6 did not find the same 
discriminating features according to the different stages of the 
disease. This latter study however, was done partly in patients after 
surgical treatment, whereas in the present study all the studied pa­
tients were untreated tumourbearers. 
The differences in immune reactivity found in relation to the diffe­
rent histological types of the disease, are consistent with the in-vivo 
results reported in our previous study9, suggesting that the role of 
immunological control of the tumourgrowth in sec is more impor­
tant than in OCC. 
The present study also revealed that mononuclear white blood cells 
of patients with a depressed immune status showed a decreased res­
ponse to normal allogeneic mononuclear white blood cells in mixed 
cultures, whereas the controls did show normal MLC reactions on 
the same pool of stimulator donor cells. This donor cell pool can 
be regarded as a sole stimulant because of the relative small varia­
tions which were found in the stimulation of the 30 at random 
chosen controls, as far as differences in HLA-types are concerned. 
The possible mechanisms, underlying the decreased immune reacti­
vity in lung cancer patients are not yet fully defined. In animal 
tumour models there is evidence for suppressor T-cell activity4, 7• 
In a recent study, using HPH induced humoral and cellular immu-
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nity, we found indications for suppressor cell act1v1ty inhibiting 
the thymus dependent antibody production in patients with sec 
of the bronchus10• This suppressive activity is probably induced by 
circulating IgG immune complexes in these patients15, 11 • On the 
other hand it was shown that activated mononuclear phagocytic 
cells showed decreased T-cell responses to PHA and allogeneic 
cells13 which returned to normal when the macrophages were re­
moved. In this respect the existence of a monocytosis in the most 
immune suppressed patientgroup9, is an interesting feature. In con­
clusion to the present report we can say that the HPH induced 
lymphocyte stimulation test is the most useful in immune status 
studies of bronchial carcinoma patients. Different histological types 
of the disease showed a different impaired immune reactivity, and 
more insight is gained in the dynamic interrelationship between host 
and tumour. These in-vitro lymphocyte stimulation assays in gene­
ral, and HPH in particular, are useful in monitoring the further 
course of the disease especially after immunostimulation. 
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CHAPTER III 
THE PRIMARY IMMUNE RESPONSE OF PATIENTS IN 
DIFFERENT STAGES OF SQUAMOUS-CELL BRONCHIAL 
CARCINOMA 
Relation between IgM, IgG and IgA antibody response and in-vitro 
lymphocyte stimulation after primary immunization with Helix 
Pomatia Haemocyanin (HPH). 
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Summary 
Using the indirect ELISA technique, the IgM, IgG and IgA antibody 
response to the primary test immunogen Helix Pomatia Haemocya­
nin (HPH) was studied in 30 patients with various clinical stages 
of primary squamous-cell bronchial carcinoma and compared with 
values obtained in 15  controls matched for sex, age, smoking habit 
and low grade chronic obstructive lung disease (COLD). Patients 
with disseminated disease (stage III) showed a significantly decreased 
IgG and IgA antibody response (p < 0.001) but IgM antibodies 
were relatively high and not different from the controls. Although, 
normal IgG and lgA antibody titers were found at the peak response 
2 weeks after immunization in patients with localized disease (stage 
I) these antibody titers showed a significantly more rapid decline 
after serial investigations at 8 and 14 weeks after immunization, 
compared with the controls (resp. p < 0.001) .  These differences in 
titer decline existed in spite of total removal of the tumour burden 
at ± 4 weeks after immunization. In vitro HPH-induced lympho­
cyte transformation was markedly decreased in stage I patients 
(p < 0.01) as well as in stage III patients (p < 0.001 ). The results 
suggest that squamous-cell bronchial carcinoma patients develop an 
impaired T-cell function which give rise to a defective antibody 
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response and in-vitro lymphocyte reactivity to the T-cell dependent 
primary immunogen HPH. The possible involvement of "hyper­
active" suppressor T-cells as a mechanism underlying this hypores­
ponsiveness will be discussed. 
Introduction 
In recent years, many attemps have been made to investigate the 
immune responsiveness in relation to the development and course 
of cancer in animal tumour models and in man, (reviewed by 
Herberman, 1 974; Hellstrom and Hellstrom, 1974 ; Price-Evans, 
1976). 
In these studies an in-vitro parameter such as antigen-induced lym­
phocyte transformation reaction, can be used as a test of T-lympho­
cyte function. The possible importance of the role of T-lymphocytes 
for the humoral immune response, in acting on B-lymphocytes pro­
ducing antibodies against thymus dependent antigens, is less fre­
quently studied, in tumour bearing individuals. The purpose of 
this study was to investigate the class specific humoral immune 
response of patients with bronchial carcinoma, in relation with the 
specific cellular immune reactivity, after immunization with a pri­
mary test antigen, to clarify more details of the immunological 
disturbance found in human lung cancer patients. 
It is generally agreed that the test antigen used in these studies is 
of major importance for the results obtained. Among others, (VX 
1 7  4) haemocyanin from Helix Pomatia can be used to test the 
primary, thymus dependent, antibody response (De Gast et al., 
1973). Helix Pomatia Haemocyanin (HPH) is a macromolecular 
respiratory protein from the Roman snail (Helix pomatia), which 
can easily be isolated while its physical and chemical properties 
are well known. It can be used as a, clinical unharmful, strong 
primary immunogen. The assessment of class specific antibody 
titers to Helix Pomatia Haemocyanin (HPH) in healthy adults was 
recently studied in our laboratory, using the Enzym-linked immuno­
sorbent assay (ELISA) (Weits et al., 1978). This ELISA technique 
is sensitive and relatively simple as compared to other methods 
which can measure antibodies in a quantitative way (Engvall and 
Perlmann, 1 972 ; Bull. Health Org., 1976 ; Ruitenbeek et al., 1976). 
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Using this technique we investigated in this study the primary, 
HPH-induced lgM, lgG and IgA antibody response in squamous­
cell bronchial carcinoma patients in relation to the in-vitro HPH­
induced lymphocyte stimulation. Results were related to the clinical 
stage and subsequent course of the disease. 
Patients and controls 
The study comprised 30 patients with histologically confirmed, pri­
mary, squamous-cell bronchial carcinoma (mean age : 64.8, range 
52-77) . The patients were classified in T.N.M. stages, according to 
the criteria for lung carcinoma proposed by the International Union 
Against Cancer (UICC, Geneva, 1974). In addition a controlgroup 
consisting of 15  individuals with a low grade chronic obstructive 
lung disease (COLD) matched on age, sex and smoking habit and 
without a personal history or clinical evidence of malignant disease 
or infectious disease, were studied. None of these subjects received 
chemotherapy, radiotherapy or corticosteroids, before or at the time 
the tests were performed. 
TEST ANTIGEN 
Helix Pomatia Haemocyanin (HPH) was kindly provided by the 
Biochemical Department of the University of Groningen and used 
in purified form as previously described (De Gast et al., 1973). 
IMMUNOLOGICAL STUDIES 
Patients were immunized at the moment when the diagnosis was 
established and before any treatment was started with 1 mg HPH 
subcutaneously in the deltoid region, as previously described (De 
Gast et al., 1973). 
Sera for antibody titer determination were collected before and 
subsequently 2, 8 and 14 weeks after immunization. At 2 weeks 
after immunization also venous heparinized blood was sampled for 
lymphocyte stimulation tests in-vitro. The same serial studies were 
done in the controls. In stage I patients (localized disease), surgical 
treatment always took place between 2 and 8 weeks after immuni­
zation. In most of the stage III patients (disseminated disease) fully 
performed serial studies were impossible because of intercurrent 




21og antibody titer 
Patients stage I 2 wks. after 
immunization 
Table I* 
in vitro ly-stimulation peripheral blood 
nr. age sex IgM JgA JgG no antigen HPH H PWmm3 ly% leuco/mma 
1 5  62.9 1 5m 1 0.09 1 1 .09 1 1 .23 482.3 2 1 94.5 36.9 26.9 8533.3 
(5.6)* *  (0.97) (0.95) ( 1 .47) (264.5) ( 1422.7) (27.8) (8.7) ( 1 625. 1 )  
Patients stage III 
1 5  66.2 1 4m 9.42 8.62 7.88 289.3 825.9 8.6 2 1 .8 8433.3 
(8.4) If ( 1 .49) ( 1 .54) (2.04) ( 1 1 6.0) (639.9) (9.0) (8.8) (3429.6) 
Controls 
1 5  60.5 1 4m 1 0.09 1 1 .03 10.36 840.9 1 3092.4 294.6 37.6 6453.3 
(8.0) If ( 1 . 1 7) (0.82) ( 1 . 3 1 )  (845.1)  (9210.8) (25 1 .9) (9.8) ( 1 346.9) 
* Individual results can be obtained from the author. 
** ( ) = 1 S.D. 
serum immuno­
globulin levels 
IgM lg A IgG 
96.8 2 1 6.7 1 497.3 
(24.6) (5 1 . 1) (27 1 .5) 
99. 1 295.3 1 386.0 
(27.9) ( 12 1 .9) (330.5) 
1 02.7 266.7 1 278.7 
(37.5) (80.3) (232.7) 
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LYMPHOCYTE STIMULATION TEST 
Lymphocyte cultures were performed according to a micro-culture 
technique in round bottom CookeR microtiter plates as described by 
Du Bois et al. (1974). HPH-induced lymphocyte stimulation was 
recorded in 1 00 x 1 03 lymphocytes per well in the presence of 250/o 
normal human pool serum. The sera were inactivated for 30 min. 
at 56° C and stored at -80° C. Two weeks after immunization 
lymphocytes were cultured in the presence and absence of 50 pg 
HPH during 5 days, incubated at 37° C in humidified 50/o Co2 in 
air atmosphere. On the 4th day, 25 ftl 6-3H thymidine (Radioche­
mical Center, Amersham, England, 0,5 pCi : specific activity 400 
mCi/mM) was added and incubated for 16 hrs. Harvesting was 
done on the 5th day with a multiple cell culture harvester (Skatron, 
Norway) using glassfiber filters. The filters were dried at 60° C 
for 60 min. and transferred to counting vials. After addition of 5 
ml of scintillation fluid, counting was performed in a liquid scin­
tillation counter (Packard Tricash-2450). 
The following formula was used to determine the desintegrations 
per minute (dpm) per mm3 of peripheral blood. 
dpm/well in stimulated cultures - dpm/well in unstimulated cultures 
number of ly/well 
x number of ly/mm3 peripheral blood. 
DIFFERENTIAL LEUCOCYTE COUNTS 
Quantitative differential leucocyte counts were performed using the 
spin-smear method to avoid unequal distribution of the different 
cell types in the spreads on the glass slides. So we consider the 
counted leucocytes as a random sample of those in the smear and 
make the extent of the inaccuracy that is inevitably inherent in 
the method used for differential counts, as small as possible (Riimke 
et al., 1975). Two hundred cells were counted twice in different 
randomised chosen fields. The mean value of the counted percen­
tages of lymphocytes was used. 
ANTIBODY DETERMINATION 
The method of antibody determination is previously described in 
detail by Weits et al. (1978) . The indirect ELISA-technique was 
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performed in round-bottom microtiter plates (Greiner, M 24-AR). 
Coating with antigen was obtained with 0.1 mg HPH in 0.1 ml 
0 .1  M NaHC03 with 0.020/o NaN3 at pH 9.6, during incubation 
overnight at 4 ° C. The plates were washed with tapwater and 0 .1  
ml aliquots of doubling serum dilution starting with 1 : 1 0  were 
than added. After washing, 0.1 ml of 1 : 5000 diluted, monospecific 
rabbit antihuman IgG, IgM (Central Bloodtransfusion Service, Am­
sterdam, batch numbers KH 15-17-A01 and KH 1 6-1 1 3-Al) or 
IgA antiserum (prepared in our own laboratory) was added and in­
cubated for 45 minutes at 37° C. After washing 0.1 ml, 1 : 2500 
diluted. peroxidase labelled sheep anti-rabbit antiserum (Institute 
Pasteur, Paris, batch nr. 09-7502), diluted in PBS 0.01 M + 20/o 
BSA was added. Incubation was performed at 37° C for 45 minutes. 
After the last washing 0.1 ml of a 5-aminosalicylic acid 0.080/o 
and hydrogen-peroxidase 0.05°/o solution, 9 : 1 ,  pH 6.00, were 
allowed to react for 1 hour, after which time either the results were 
read immediately or the reaction was stopped by adding 1 0  pl N 
NaOH. The highest dilution with a clearly brown color was taken 
as a titer. A positive and negative serum pool were always included 
in each series of measurements as a standard. The negative pool had 
always a titer <1 : 40, if otherwise, the serie was discarded. The 
positive pool had a titer of 1 : 1280 and only small titer variations 
were allowed and corrected for. The results are expressed in terms 
of reciprocal of the 2log of the highest dilution of each serum which 
resulted in a positive reaction (1 : 20 dilution taken as 0). 
SERUM IMMUNOGLOBULIN (lg) LEVELS 
Serum levels of IgM, IgG and IgA were determined by the auto­
mated immunoprecipitin method (Dr. Th. Ockhuizen, Immunoche­
mistry Laboratory. Dept. of Internal Medicine). 
The fluoronephelometric determination of the antigen-antibody 
complexes was performed on the Technicon continuous-flow auto­
matic analyzer, according to the instructions of the manufacturer 
(Technicon method no. SE4-0038 FE5) .  Reagents and antisera were 
supplied by Technicon. Mean serum immunoglobulin levels of 
healthy individuals were : IgM; 1 04 ( ± 2 S.D. :  45-235 ), IgG: 1 1 87 
( ± 2 S.D. : 800-1 760) and IgA: 1 68 ( ± 2 S.D.:  90-3 1 5) .  
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STATISTICAL ANALYSIS 
Statistical analysis of the findings obtained was estimated by the 
Student-t-test. P values less than 0.05 were considered significant. 
Results 
Summarized data on age, sex, clinical stage, lymphocyte stimulation 
by HPH 2 weeks after immunization, anti-HPH antibody titers, 2 
weeks after immunization and serum lg levels of the patients and 
controls are presented in table I. 
ANTIBODY RESPONSES, LYMPHOCYTE STIMULATION AND CLINI­
CAL STAGE 
As can be seen from fig. 1 (upper panel) the primary anti-HPH 
class specific responses, 2 weeks after immunization, of bronchial 
carcinoma patients with localized disease (stage I) (mean 2log titer 
IgM 1 0.09 ± 0.97 S.D. ;  IgA 1 1 .09 ± 0.95 ; IgG 1 1 .23 ± 1 .47) 
were not different from the controls (mean 2log titer IgM 1 0.09 ± 
1 . 1 7; IgA 1 1 .03 ± 0.82; IgG 1 0.36 ± 1 .3 1 ) . In patients with disse­
minated disease (stage III) there was statistically significant lower 
IgA (mean 2log titer: 8 .62 ± 1 .54) and IgG (mean 2log titer: 7 .88 
± 2.04) antibody titers, compared with the controls (resp. p < 0.001 
and p < 0.001 ) . In this latter patientgroup the IgM antibody titer 
(mean 2log titer: 9.42 ± 1 .49) did not differ from the controls. 
Fig. 1 (lower panel) illustrates also the results of HPH-induced 
lymphocyte stimulating tests in the different stages of the disease, 
compared with the controlgroup. Patients in stage I (mean : 36.93 
± 27.79 dpm/mm3) as well as in stage III (mean : 8.64 ± 9.03 
dpm/mm3) were significantly lower compared with the controls 
(mean : 294.62 ± 251 .91)  (resp. p < 0.01 and p < 0.001 ) . 
ANTIBODY RESPONSES, SERIAL STUDIES 
In 1 0  patients with localized disease and in 14  control persons, 
serial ELISA tests could be performed on sera collected 8 and 1 4  
weeks after immunization. The percentage in decline of the IgA 
and IgG antibody titers are given with the mean values ± standard 
error of the means. 
Fig. 2 shows graphically that 1 4  weeks after immunization in stage 























Figure 1. Relation between class specific antibody response (expressed as mea11 
2/og titer ± S.D.) and in vitro lymphocyte stimulation (expressed as dpm/mm3, 
cross bars i11dicate median scores) to HPH i11 30 patie11ts i11 various cli11ical 
stages of squamous-cell bro11chial carci110111a, compared with a COLD-co11trol­
group. A11tibody titers a11d lymphocyte stimulation were determined 2 weeks 
after immu11izatio11. Patients i11 stage III had significa11tly decreased lgG a11d 
lgA antibody titers (p < 0.001). Patients in stage I and Ill had significantly 
lower lymphocyte stimulation scores (resp. p < 0.01 and p < O.OUJ). 
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± 3.31 SEM) and of IgG antibody decline (24.85 ± 3.75 SEM) is 
statistically significant, more pronounced than in the controls (resp. 
1 8.69 ± 2.31 SEM and 1 2.69 ± 2.9 SEM) (p < 0.001) .  There 
was no difference in decline of the IgM antibody titer found in pa­
tients (20.59 ± 5.89 SEM) compared with controls ( 1 8.23 ± 4.08 
SEM) within that period. 
To look if their was any relation with the surgical intervention, an 
additional group of 7 individuals who underwent thoracotomy in 
the same period after immunization, for non-malignant diseases, 
were studied. In this group, normal titer decline was found, com­
pared with the COLD-control group (IgA; 1 7.35 ± 2.8 ;  IgG; 1 6 .95 
± 2.7). Serum IgG, IgA and IgM levels were found within the 
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Figure 2. Relation between antibody titer decline (expressed as mean percentage 
decline of the values obtained at 2 weeks after immunization ± SEM) of anti­
H PH-lgA and anti-HPH-lgG titers, at 8 and 14 weeks after immunization in 
stage I patients (•---•) compared with the COLD controls (•- · - - - -•), and 
with "benign" tlwracotomy controls (• + + + + +•). 
For both antibody titers there was a significantly more rapid titer decline in 
patients compared with the controls (resp. p < 0.01 and p < 0.001 ). 
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Discussion 
It is generally agreed that cellular immune mechanisms are involved 
in the host defense against cancer. Humoral factors however, may 
play an important role as well, in the immunological response direc­
ted against tumours. 
In animal models, tumours have been found to inhibit antibody 
synthesis (Kamo et aL 1975). Mitchell et al. ( 1976) have reported 
that in tumourbearing mice, both antigen and antibody were required 
to produce inhibition of "armed" cytotoxic cells, through mecha­
nisms which appear to involve an intermediary thymus-dependent 
suppressor cell. The same sort of antibody induced mechanisms are 
suggested by Gershon et al. (1974). 
This study, regarding immuneresponsiveness to HPH of patients 
with primary, squamous-cell bronchial carcinoma, revealed changes 
in the humoral and cellular response in different stages of the disease. 
The results were compared with values obtained in a controlgroup 
with low grade chronic obstructive lung disease (COLD). This 
controlgroup was chosen because it is important to select such a 
group on factors which probably can influence immunocapacity as 
well as the development and occurence of lungcancer (V. d. Wal et 
al., 1966; Cohen et al., 1977). 
The changes in the humoral immune response at 2 weeks after im­
munization, consisted of a decreased class specific IgG and IgA 
antibody response in patients with disseminated disease (stage III) 
in combination with a relatively high IgM anti-HPH antibody 
response. Although, normal IgG and IgA anti-HPH antibody titers 
were found at the peak response 2 weeks after immunization in 
patients with localized disease (stage I), a more rapid decline in 
these antibody titers was shown after serial investigations at 8 and 
14 weeks after immunization. These differences in titer decline 
between patients and controls existed in spite of total removal of 
the tumour burden, and were not caused by the surgical intervention 
as was shown in an additional controlgroup of 7 patients who 
underwent thoracotomy for benign pulmonary disease. 
Titer decline studies in stage III patients were not feasible because 
of the adjuvant chemotherapy and radiotherapy which was given 
in that patientgroup. Primary cellular immunocapacity measured 
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by in-vitro lymphocyte stimulation 2 weeks after HPH immuni­
zation was significantly decreased but this was more pronounced in 
stage III patients. 
The findings obtained in the present study are partly in agreement 
with a previous study in melanoma patients but the haemaggluti­
nation technique, used in that study, is a more sensitive test for 1 9S 
than for 7S antibodies (De Gast et al., 1976). Using the indirect 
ELISA technique we found in stage III patients a dissociation of 
IgG and IgA from IgM anti-HPH antibody titers. 
The humoral immune response to thymus-dependent antigens re­
quires a functioning T-cell system to serve merely as helper cells 
for B-lymphocytes which provide the actual antibody formation 
(Anderson et al., 1 970; Geha et al., 1 974; Janossy et al., 1 975 ; Her­
ber-Katz and Wilson, 1 976) . Helix Pomatia Haemocyanin has such 
properties of a thymus-dependent antigen (De Gast et al., 1 973, 
1976 ; Weits et al., 1978). 
Our studies suggest that defects in T-helper cell function may give 
rise to decreased thymus-dependent antibody formation. Since IgG 
and IgA antibodies are in general thymus-dependent and IgM anti­
bodies more thymus-independent, our findings in the disseminated 
patientgroup may reflect a decreased T-helper function in these 
patients. The concomittent decreased HPH-induced lymphocyte sti­
mulation found in our patientgroup may be an additional argument 
of a defective T-cell function, as sensitized T-cells seem to be neces­
sary for the induction of antigen induced lymphocyte stimulation 
(Geha et al., 1973). 
On the other hand however, it has recently been shown that in 
tumourbearing animals, reactive T-cells did recognize tumour cell 
immunogens as strong antigens but failed to cooperate with B-cells 
for an antibody response against the tumour cells (Dennert et al., 
1 977), which is necessary to "arm" the FC-receptor on T-cell sub­
populations with these antibodies to direct their cytotoxic activities 
against tumour cells (Saal et al., 1977). There is evidence that this 
disturbance in T-cell function is a consequence of the activation of 
suppressor T-cells by the tumour (Reinisch et al., 1977). Moretta 
et al. (1977) have recently examined the ability of two T-cell sub­
populations with FC-receptors to provide help or to suppress poly-
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clonal B-cell differentiation. They demonstrated that suppressor 
T-cells after interaction with lgG immune complexes, suppress the 
generation of plasma cells when added to helper T-cells. In one of 
our previous studies we have suggested the existence of circulating 
IgG-immune complexes in patients with bronchial carcinoma (Jansen 
et al., 1977). The presence of these circulating complexes was related 
with the extent of the tumour burden. So the diminished thymus­
dependent antibody production in bronchial carcinoma patients may 
be an IgG-immune complex, induced hyperactivity of suppressor 
T-cell function leading to a more rapid decline of specific, thymus­
dependent antibody formation and decreased HPH-induced lym­
phocyte stimulation, already demonstrable in stage I of the disease 
and even after removal of the tumour but still more pronounced in 
stage III. 
In conclusion we can say that changes in the thymus-dependent 
primary humoral- and cellular immune response were found in pa­
tients with squamous-cell bronchial carcinoma, related with the 
extent of the disease. The results suggest that in these patients, a 
decreased T-help function exists which is possibly a consequence of 
an immune complex activated T-suppressor cell. 
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CHAPTER IV 
IMMUNOGLOBULIN AND COMPLEMENT INCLUSIONS 
IN PERIPHERAL BLOOD POL YMORPHONUCLEAR 
LEUCOCYTES OF PATIENTS WITH BRONCHIAL 
CARCINOMA 
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Summary 
Inclusions in peripheral blood polymorphonuclear leucocytes (PMN) 
of 23 patients with bronchial carcinoma, of 1 1  individuals with 
chronic obstructive lung disease (COLD), and of 1 1  healthy controls 
were studied by the indirect immunofluorescence technique for IgG 
and complement. The relationships of these inclusions to the clinical 
stage and histology of the malignant disease as well as the influence 
of subsequent therapy were studied. 
Patients with disseminated bronchial carcinoma, stage III, had 
higher PMN scores than patients with localised disease, stage I. 
Both patient groups had higher scores than the two control groups. 
The differences were all statistically significant. There was no dif­
ference between the COLD group and the healthy controls. 
PMN inclusion scores from the patient group with small- or large­
cell undifferentiated carcinoma were higher than from patients with 
moderately differentiated or well differentiated squamous-cell car­
cinoma. The first two groups differed significantly from the con­
trols; the latter group did not. Curative surgical therapy gave rise 
to a significant drop in PMN scores to normal values. 
In four patients with regional lymph node metastasis (stage II) the 
PMN inclusions were related to evidence of recurrence at six months 
follow-up after operation and BCG immunostimulation. 
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It is concluded that the PMN inclusions are related to the extent of 
the disease, to the histological type, and to curative surgical therapy. 
The possible relation to immune complexes of tumour antigen-anti­
body origin is discussed. 
Copyright, 1 977, British Medical Association. Tavistock sqaure, London. 
Introduction 
Current knowledge points strongly to the presence of circulating 
immune complexes in many malignant as well as non-malignant 
diseases (Dixon, 1972; Oldstone et al., 1975 ) . In systemic lupus 
erythematosus the possible significance of circulating complex phago­
cytosis by polymorphonuclear leucocytes (PMN) was recently stu­
died by Steffelaar et al. (1976) using immunofluorescence techniques. 
lmmunofluorescence studies in animal tumour models have suggested 
that renal immune complex deposits indicate soluble circulating 
complexes of tumour-antigens and anti-tumour antibodies (Poskitt 
et al., 1974) .  In some patients with bronchial carcinoma or other 
solid tumours, there is also evidence for the presence of circulating 
immune complexes causing renal tissue injury as a complication of 
the patients' immune response to the tumour (Costanza et al., 1 973 ;  
Lewis e t  al., 1971 ; Loughridge and Lewis, 1971 ) . With the Raji cell 
radioimmune assay, Theofilopoulos et al. (1976) have demonstrated 
circulating immune complexes. 
In an attempt to elucidate the possible role of circulating immune 
complexes in patients with bronchial carcinoma, we studied the 
relation of immunoglobulin phagocytosis by PMN to the presence 
and progress of the disease. 
Patients and methods 
Twenty-three patients with histologically confirmed primary bran� 
chial carcinoma were studied. The patients were classified in TNM 
stages, according to the criteria for lung carcinomas proposed by 
the International Union against Cancer (International Union against 
Cancer, 1974). 
Histological tumour types included squamous-cell carcinoma, adeno­
carcinoma, and small- and large-cell undifferentiated carcinoma. 
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The normal control group consisted of 1 1  individuals without a 
personal history of allergic disorder, recent bacterial or viral infec­
tions, or clinical evidence of malignant disease. In addition, 1 1  pa­
tients with chronic obstructive lung disease (COLD) and without 
a personal history or clinical evidence of malignant disease were in­
cluded; five of them did have clinically proven bacterial bronchitis. 
Blood samples for isolation of PMN were taken from the patients 
at the time that the diagnosis was established and, in the patients 
who underwent surgical therapy, also three weeks postoperatively. 
Polymorphonuclear leucocytes were isolated as the huffy coat from 
1 0  ml fresh venous blood which was immediately defibrinated in 
sterile flashes with 2 mm glass beads and subsequently spun down 
in a haematocrit tube. Red blood cells were lysed in a buffered 
NH4Cl solution at 0° C for 15 min. and washed out in a Hepes 
buffered RPMI medium. 
IMMUNOFLUORESCENCE PROCEDURES 
Figure 1. Granular cytoplasmic i11clusio11s i11 a PMN from a patient with 
squamous-cell bronchial carci11oma as seen i11 the i1111111111ofluoresce11ce proce­
dure with a11ti-lgG ( X 650). 
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Air-dried, cytospin preparations of the isolated PMN were made 
and fixed in 1 000/o acetone. With this small modification the indirect 
immunofluorescence technique, described by Steffelaar et al. ( 1976 ) ,  
was used for demonstration of total IgG and total complement. All 
preparations had been frozen at -70° C and thawed once. Slides 
were read in a Leitz-Orthoplan fluorescence microscope under inci­
dental illumination using a xenon lamp for excitation. Positive in­
clusion cells were scored from 1 000 PMN in randomly chosen fields 
at 1 0  X 40 magnification. Scoring was done twice, by two observers, 
who were not aware of the diagnosis. Cells were recorded as 
positive only when at least five distinct fluorescent cytoplasma 
granules were seen (Fig. 1 ) .  
STATISTICAL ANALYSIS 
Statistical analysis of the findings obtained was estimated by Wil­
coxon's rank sum test. 2p values less than 0.05 were considered 
significant. 
Results 
Peripheral blood samples from 45 individuals have been examined. 
In Fig. 2 the data are presented. Scores of IgG inclusion positive 
PMN are shown in relation to different stages of bronchial carci­
noma (median stage I, 35;  median stage III, 79), to normal controls 
(median, 1 0),  and to COLD controls (median, 1 2) .  
No significant difference in  scores was observed between the latter 
two groups. No difference in scores was observed either in the 
COLD groups between individuals with and without bacterial b ron­
chitis. In patients with bronchial carcinoma the PMN scores were 
higher and showed a relation to the extent of the disease. The diffe­
rences between stage I, stage III, and both the control groups were 
significant (2p < 0.02 and 2p < 0.01) .  From six stage I patients 
PMN scores have been recorded three weeks after curative surgical 
therapy. The scores were significantly lower (median, 9) (2p < 0.05) 
and did not differ from the control group. 
There were very high positive PMN scores in stage III (patients with 
lymphatic and blood-borne disseminated disease). 






























Figure 2. Relation between positive lgG inclusion PM N scores and the different 
stages of bronchial carcinoma compared with the control groups and the in­
fluence of therapy. Cross bars indicate median scores. The differences in posi­
tive scores between stage I (preoperatil'e), stage Ill, and both the control groups 
were significant (2p<O.O! and 2p<0.02). A fter surgery the scores in stage I 
patients were significantly lower (2p<0.05). There was no difference between 
the two control groups. 
last two columns of Figure 2 .  In these cases surgical therapy appea­
red to be not curative after pathological investigation. PMN scores 
are given both pre- and post-operatively. In two patients PMN 
scores were much higher after surgical intervention. There was 
clinical recurrence of the disease in these two patients within six 
months in spite of BCG immunostimulation, started after the ope­
ration. The other two patients in this group, with lower PMN 
scores after surgery, did not show clinical recurrence after six 
months' follow-up. 
Figure 3 shows the relationship between positive IgG inclusion PMN 
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and the different histological patterns of bronchial carcinoma com­
pared with the normal control group. There was a significant diffe­
rence between PMN scores in undifferentiated carcinomas, in mode­
rately differentiated squamous-cell carcinomas, and in the control 
group (2p < 0.01) .  There was no significant difference between 
scores in well-differentiated squamous-cell carcinomas and in con­
trols. There were only four patients with adenocarcinoma in this 
study. They seemed to have low PMN inclusion scores. 
Results in the study of complement inclusion PMN were comparable 
to those from IgG, although there was more variability in the scores. 
Discussion 
Patients with bronchial carcinoma appeared to have higher scores 
of IgG and complement inclusions in their PMN than patients with 
chronic obstructive lung disease and normal controls. Furthermore, 
there was a positive correlation between positive PMN scores and 
the extent of the malignant disease, as well as in serial investigations 
after surgical therapy. PMN scores were also found to vary accor­
ding to the histological patterns of bronchial carcinoma. No in­
fluence on PMN scores by bacterial respiratory infections were re­
corded in the COLD control group. 
The studies of Sjogren et al. (1971)  in mice tumour models have 
suggested that serum tumour antigen-antibody complexes are media­
ting blocking activity on effector functions of the cellular immune 
system. In tumour growth in man there is evidence of the same sort 
of interaction (Sjogren et al., 1972). Recent observations have shown 
that removing circulating serum factors by repeated plasmapheresis 
in malignant disease might tide the patients over a "critical immuno­
logic period" in the tumour-host relationship (Lancet, 1976). Theo­
filopoulos et al. ( 1976) have demonstrated circulating immune com­
plexes in human sera in a variety of malignant diseases. 
Our data are consistent with these observations :md may indicate 
that PMN leucocytes of bronchial carcinoma patients may contain 
immune complexes, consisting of IgG antibodies against bronchial 
carcinoma-associated antigens. 
It is not possible, using PMN phagocytosis for detection of circu­
lating complexes, to exclude phagocytosis of immunoglobulin aggre-
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Figure 3. Relation between positive lgG inclusion PMN scores and the diffe­
rent histological patterns of bronchial carcinoma compared with controls: 
/, controls; //, well-differentiated squamous-cell carcinoma; III, moderately dif­
ferentiated sq11a111011s-ce!f carcinoma; I V, small- or large-cell undifferentiated car­
cinoma; V, adenocarcinoma. Cross bars indicate median scores. The differences 
between I and Ill, I and I V, and Ill and I V  are significant (2p<O.OJ). 
gates. The fact, however, that normal controls showed very low in­
clusion scores and the existence of normal immunoglobulin serum 
levels in al'l our patients' sera are in favour of immune complex pha­
gocytosis. Furthermore, it has been reported by Onyewotu et al. 
( 1 974) and by Stiihlinger et al. ( 1976) that soluble immune com­
plexes inhibit the phagocytosis of aggregated lgG. 
The specificity of the immune complexes with regard to bronchial 
52 
carcinoma antigens remains to be proven, but the absence of an in­
creased PMN score in the COLD patients with bacterial bronchitis 
renders the contribution of complexes caused by these infections 
unlikely. 
It is obvious from the above discussion that PMN leucocytes may 
only phagocytise accumulated circulating complexes, and this may 
represent only a secondary phenomenon in bronchial carcinoma 
(Steffelaar et al., 1976 ) . In the presence, however, of detectable 
PMN inclusions, related to tumour load, histology, and prognosis 
of the disease, one may use these criteria as an additional monitoring 
device in clinical and immunological observations of patients with 
bronchial carcinoma. 
This study was supported by a grant from the "Stichting Koningin 
Wilhelmina Fonds, Nederlandse Vereniging voor de Kankerbe­
strijding". 
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CHAPTER V 
AD JUVANT IMMUNOTHERAPY WITH BCG IN 
SQUAMOUS-CELL BRONCHIAL CARCINOMA. 
IMMUNE-REACTIVITY IN RELATION TO 
IMMUNOSTIMULATION (PRELIMINARY RESULTS IN A 
CONTROLLED TRIAL) 
H. M. Jansen2, T. H. The1, G. C. de Gast1, M. T. Esselink1, A.  M .  
van der Wal2 and N. G .  M .  Orie2• 
From the Clinical Immunology Unit1 (head: Professor Dr. E. Man­
dema) and the Pulmonary Division2 (head: Professor Dr. H. ]. 
Sluiter ), Department of Medicine, University of Groningen, the 
Netherlands 
Summary 
Twenty-nine patients with, at operation, evidence of locally advan­
ced primary squamous-cell bronchial carcinoma (stage II, UICC, 
Geneva, 1 974) had lung resection to remove all the visible tumour. 
Postoperatively a randomly chosen group of 1 6  patients received ad­
juvant BCG immunostimulation by scarifications, while the control 
group received no adjuvant treatment. Follow-up studies were done 
from three to 23 months. Immune reactivity in vivo with PPD and 
DNCB skin tests, and in vitro with E-rosetting tests and lymphocyte 
transformation tests with PHA, Con A, diphtheria toxoid, and PPD 
was monitored in 1 0  treated and in seven untreated patients. Recur­
rence rates decreased appreciably in the BCG-stimulated group after 
a six to 23 months' follow-up (p < 0.005). A pronounced increase 
in both in-vivo and in-vitro immune-reactivity went in parallel 
with a more favourable clinical outcome in the BCG-treated group. 
In these cases there was a significant increase in skin reactivity to 
PPD three months after surgery (p < 0.025) and a statistically sig­
nificant rise in lymphocyte reactivity to Con A (p < 0.05), diph­
theria toxoid (p < 0.01 ), and PPD (p < 0.05) but not to PHA 1 2  
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months after surgery. DNCB skin reactivity increased as well in the 
BCG-treated group, but the number of individuals was too small 
for statistical evaluation. Increase in immune responsiveness did not 
occur in the control group and appeared to be independent of the 
initial immune state of the patients. No differences were found in 
the numbers of £-rosetting lymphocytes in relation to immunothe­
rapy. It is concluded that adjuvant BCG immunotherapy used in 
patients with minimal residual bronchial carcinoma improves the 
prognosis and a favourable clinical outcome is mirrored by an in­
crease in cellular immune reactivity. 
Copyright, 1 978, British Medical Association. Tavistock square, London. 
Introduction 
Several studies dealing with human as well as animal tumours have 
shown the existence of an immune response in the hosts directed 
against the malignant cells (Herberman, 1974; Hellstrom and Hell­
strom, 1974 ; Price-Evans, 1976). Despite this, tumour growth takes 
place due to several escape mechanisms neutralising an effective 
cell-mediated tumour killing. Masking of receptors on the lympho­
cyte membrane (Han, 1975), activation of suppressor-T-cell activity 
(Herberman et al., 1976 ), or serum blocking factors (Sjogren et al., 
1972) have been suggested as mechanisms in counteracting tumour 
cell killing. 
In experimental tumour models several attempts have been made to 
re-establish the host immune response by using the non-specific im­
munostimulant Bacillus Calmette-Guerin (BCG) (Bast et al., 1974, 
1976 ). Its precise mode of action on the immune system is not yet 
understood. Apart from non-specific activation of macrophages, 
which may selectively eradicate neoplastic cells (Hibbs et al., 1972; 
Alexander, 1973, 1976; Cleveland et al., 1974), it probably potent­
iates the helper-T-cell system in a more specific way (Hawrylko, 
1975 ;  Scott et al., 1976) .  BCG can only be expected to be effective 
if the tumour load is low and if the contact between BCG and the 
tumour cells is as close as possible (Mathe, 1971 ; Bast et al., 1976). 
Systemic administration, however, can also inhibit tumour growth, 
especially when the tumour burden is diminished after surgery (Mor­
ton et al., 1976). 
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In several clinical trials of BCG in the treatment of bronchial carci­
noma and other neoplasms relatively little attention has been paid 
to randomisation of the patients, selection of the different histolo­
gical types, and the extent of the tumour burden (Hersch et al., 1 97 4 ;  
Bast e t  al., 197 4 ). We aimed to  evaluate in  a randomised controlled 
trial the benefit of systemic, adjuvant BCG immunostimulation in 
patients with locally advanced, primary squamous-cell bronchial 
carcinoma. The patients were at high risk of recurrence after surgery 
because of the tumour cells that are likely to have been left behind 
after operation, although all the visible tumour was removed. In 
addition, in-vivo and in-vitro immunological tests have been applied 
to decide whether they are useful for measuring a possible immuno­
stimulating effect of BCG in the individual patient. 
Patients and methods 
The study comprised 29 patients with, at operation, evidence of 
locally advanced, primary squamous-cell bronchial carcinoma. That 
means, according to the criteria of the UICC-TNM classifications 
(UICC, Geneva, 197 4 ), tumour sizes ranging from T2.Nl .MO to 
T3.NO.MO, and T3.Nl .MO, established by histology immediately 
after the operation. Lung resections were performed in all the pa­
tients by the same surgical unit (head: Professor Dr. J. Homan van 
der Heide). All the visible tumour was removed. 
The patients were at high risk of recurrence because of residual tu­
mour and had a very bad prognosis (Homan van der Heide et al., 
1 974). Postoperatively a group of 16 patients, chosen by drawing 
lots, received adjuvant BCG immunostimulation, while 1 3  control 
patients received no adjuvant treatment. None of the patients re­
ceived radiation therapy or chemotherapy. Corticosteroids were not 
used for longer than 1 0  days. Every three months all patients had a 
complete clinical examination, chest radiograph, blood cell counts, 
blood chemistry studies, sputum analysis, and urine analysis. 
In addition, if there was any suggestion of recurrence or metastasis, 
skeletal survey, bone scan, liver scan and brain scan, or repeat bron­
choscopy and sputum cytology were performed. If positive, BCG 
treatment was discontinued, and most of the patients received pal­
liative radiotherapy, chemotherapy, or corticosteroids. The observa-
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tion time of the patients ranged from three to 23 months after 
surgery. 
BCG-IMMUNOSTIMULATION 
BCG vaccine taken from a dispersed culture in the logarithmic phase 
and then freeze-dried at -70° C (Dr. ]. L. Sirks, Rijksinstituut voor 
de Volksgezondheid, RIV, Bilthoven, the Netherlands) containing 
160 X 1 06 viable micro-organisms per dose was administered to 
scarification sites of 5 X 5 cm on the volar side of the arms and 
the legs. BCG administration was started two to three weeks after 
surgery, repeated at weekly intervals for six weeks, and then sub­
sequently twice every three months at a week's interval for an in­
definite period. 
IMMUNOLOGICAL STUDIES 
Immunological studies were performed two to three weeks before 
surgical treatment, three months after surgery (which was about two 
weeks after the sixth BCG administration), and subsequently in pa­
tients without recurrence or metastasis at 1 2  months after the ope­
ration. The studies were also performed on a group consisting of 20 
individuals with low-grade chronic obstructive lung disease (COLD) 
matched on age, sex, and smoking habit and without history or 
clinical evidence of malignant disease. None of these subjects received 
corticosteroids. Immunological data obtained in only 1 7  of the 29 
patients studied can be reported for technical reasons. 
PPD SKIN TESTS 
Studies performed included delayed-type hypersensitivity (DTH) 
tests with purified protein derivative (PPD) injected intradermally: 
skin test results were recorded at 48 hours as millimeters of indura­
tion. A response with a diameter >s mm was taken as positive. 
DNCB (2,4-DINITROCHLOROBENZENE) SKIN TESTS 
Sensitization and challenges were performed as described by Bleu­
mink et al. (1974) : 2000 ,ug of DNCB, recrystallised twice, was ap­
plied within a 2 cm polythene ring to the volar side of the arm. 
Two weeks later challenges were performed by patch testing the pa-
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tients on their backs with 30, 1 0, and 3 pg of DNCB in acetone. 
The reactions were graded o +  to 4 + .  To avoid the influence of 
booster effects, rechallenging was performed only once at three 
months after surgery with the lowest dose of 3 pg. 
E-ROSETIING TEST 
Rosetting technique was performed as described by Jondal et al. 
( 1972), that is, monocytes were removed from heparinised venous 
blood by carbonyl iron treatment. Lymphocytes were purified on 
Ficoll-Isopaque gradients (Boyiim, 1 968). The final concentration of 
the lymphocyte suspension in RPMI medium was adapted to 2 X 1 06 
cells/ml. Fresh sheep red blood cells (SRBC) stored in Alsever Buffer 
1 : 1 were washed three times in RPMI medium. 0.1  ml of the 
resuspended SRBC-pellet were added to 4.9 ml RPMI medium. Using 
glass tubes (50 X 7.5 mm) 0.05 ml of the SRBC suspension and 0 . 1  
ml  of  the lymphocyte suspension were added to  0.05 ml fetal calf 
serum (PCS), which had been absorbed against an equal volume of 
the same SRBC for 30 min. at 4° C and heat-inactivated at 56° C 
for 30 min. The cell suspensions were gently mixed and incubated 
at 37° C for 1 0  min., centrifuged at 200 g for 5 min., placed in an 
icebucket for 60 min., resuspended by gently turning in the fingers, 
and stained by adding one drop 0.1 O/o brilliant cresyl blue. Counting 
was performed on a haemocytometer chamber. Twohundred cells 
from each sample were counted, and the percentage of SRBC-rosettes 
was determined. Cells were recorded as rosettes only when at least 
three SRBC were bound. Total E-rosettes forming lymphocytes per 
mm3 peripheral blood were scored. 
LYMPHOCYTE STIMULATION TEST 
Lymphocyte cultures were performed according to a micro-culture 
technique in round bottom CookeR microtitre plates as described by 
Du Bois et al. ( 1974). Phytohaemagglutinin (PHA-Burroughs-Wel­
come, 1 pl/ml) and Concanavalin A (Con A-Calbiochem 1 ,ug/ml) 
induced lymphocyte transformation was recorded in 30 X 1 03 lym­
phocytes/well. Antigen stimulation with diphtheria toxoid (RIV, 
the Netherlands, 1 0  Lf/ml) and with PPD (RIV, the Netherlands, 
3 ,ug/ml) was recorded on 1 00 X 1 03 lymphocytes/well. 
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Lymphocyte transformation was recorded in the presence of 250/o 
normal human control serum. The sera were inactivated for 30 min. 
at 56° C and stored at -20° C. Lymphocyte cultures were incubated 
at 37° C in humidified 50/o C02 in air atmosphere for 5 days. On 
the fourth day, 25 ,ul [6-3HJ thymidine (Radiochemical Centre, 
Amersham, England, 0.5 ,uCi : specific activity 400 mCi/M) was 
added and incubated for 1 6  hours. Harvesting was done on the fifth 
day with a multiple cell culture harvester (Skatron, Norway) using 
glassfibre filters. The filters were dried at 60° C for 60 min. and 
transferred to counting vials. After the addition of 5 ml of scintil­
lation fluid, counting was performed in a liquid scintillation counter 
(Packard Tricash-2450) . The following formula was used to deter­
mine the disintegrations per minute (dpm) per mm3 of peripheral 
blood. 
dpm/well in stimulated cultures - dpm/well in unstimulated cultures 
number of ly/well 
x number of ly/mm3 peripheral blood. 
DIFFERENTIAL LEUCOCYTE COUNTS 
Quantitative differential leucocyte counts were performed by using 
the spin-smear method to avoid unequal distribution of the different 
cell types in the spreads on the glass slides. So we considered the 
counted leucocytes as a random sample of those in the smear and 
made the extent of the inaccuracy that is inevitably inherent in the 
method used for differential counts as small as possible (Ri.imke et 
al., 1975). Two hundred cells were counted twice in different ran­
omised chosen fields. The mean value of the counted percentages of 
lymphocytes was used. 
STATISTICAL ANALYSIS 
Differences between recurrence curves of BCG-treated patients and 
controls were evaluated by a generalised Wilcoxon test for comparing 
arbitrarily single-censored samples (Gehan, 1965 ) .  
The Fisher exact two-by-two contingency test was used to evaluate 
the differences in skin test results. The Student t test on paired ob­
servations was used to compare the serial results on the same patients 
in the lymphocyte stimulation tests. To test the hypothesis that there 
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was no correlation between the outcome and initial results in lym­
phocyte stimulation tests, the Spearman rank correlation test was 
performed. P values less than 0.05 were considered significant. 
Results 
The clinical and histological data are summarised in table I. No dif­
ference can be seen between the 16 BCG-treated patients and the 13  
in  the control group. The mean age in  the BCG group was 56 years 
(range: 25-70; SD 1 2.33) and in the control group 63 (range: 43-78 ;  
SD 9.79). This difference was not significant. Only one patient was 
under 40. The results reported here cover the follow-up period of 
three to 23 months after surgery. No patient has been lost to follow­
up due to other causes than the primary disease. 
Table I. Lung cancer patients-age and histological type. TNM classificatio11 a11d 




ru1u:11t Age /lutolog1c11/ typt Stage Opcrat1011 Pat1t111 Age. llutological type Stage Operation 
25 Squamous T2N I M O  bi lob eel 6H Squamous T3N I M O  pn eel 
57 Squamous T2NIMO pn eel 73 Squ:imous T2N I MO lob eel 
3 45 Squamous T2N I M O  pn ct:t 3 67 Squomous T3NOMO lob eel 
4 40 Squamous T2N I M O  pn eel 4 S2 Squamous T3NOMO pn eel 
s S3 Squamous T3N I M O  pn cct s 69 Squamous T2N I M O  bilob eel 
6 S3 Squ.1mou� TJN I M O  pn cd 6 43 Squamous T2N I M O  pn eel 
7 64 Squamous T2N I M O  pn CCL 7 7 1  Squamous T2NIMO pn eel 
H SS SqlldffiOUS T3NOMO pn cct H 64 Squamous T3NOMO pn eel 
9 64 Squ:imous TJNOMO pn cct 9 S7 Squ:1mous T3NOMO pn eel 
10 70 Squamous T3NUMU lob CCL Ill SJ Squamous TJN I M O  pn eet 
l l  69 Squamous T2N I M O  pn eel 1 1  7H Squamous T3NUMO bdob eel 
1 2  67 Squ.1mous TJNIMO pn eel 1 2  6 1  Squamou!I T3NOMO pn eet 
1 3  6S Squ.1mous 'I J N I M O  pn cct 13 S8 Stjuamou� T2NIMO pn ect 
1 4  69 Squumou'i T3NOMO pn ci:L 
I S  60 Squamous T2N I M O  pn eel 
1 6  49 Squ;1mous T2N I M O  pn eel 
The effect of BCG treatment on the duration of the recurrence-free 
period can be seen in fig. 1 .  Only recurrence-free periods were con­
sidered because after the appearance of recurrence or metastasis the 
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patients get palliative radiotherapy, chemotherapy, or corticosteroids, 
and the BCG treatment was discontinued. 
From the patients treated with BCG, 31 O/o remain clinically tumour­
free after more than 12 months' follow-up. In contrast, none of the 
patients from the control group remained recurrence-free within that 
period. After nine and six months' follow-up these data were res­
pectively 560/o and 00/o and 81 O/o and 23'0/o. Figure 2 shows the "cum­
ulative" percentage of tumour recurrence free patients treated with 
BCG and of the controls during the follow-up study using the "life 
table method". After three to 23 months' follow-up the difference 
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Figure 1. Effect of BCG treatment on duration of period, free of recurrence or 
metastasis, after surgical resection of lung cancer patients with locally advanced 
disease. 
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Free of recurrence or metastasis; 
Recurrence or metastasis; t = death. 
SKIN TESTS 
The results of the skin tests are shown in table II. In patients with 
bronchial carcinoma a decreased reactivity in PPD and DNCB skin 
tests was found compared with the COLD control group. In the 
BCG-treated patients, retested three months postoperatively, signifi­
cant improved PPD skin reactions (p < 0.025) were found and also 
an increase in DNCB reactivity, but the number of tested individuals 
were in that case too small for statistical evaluation. The control 
patients remained anergic after surgery. In addition, patients who 
were recurrence free for longer than 1 2  months showed the strongest 
rises in PPD-skin reactivity. In DNCB tests such a relation with the 
recurrence-free period was not found. 
Table ll. Skin test responses to PPD and DNCB in BCG-treated patients and in 
non-immunotherapy control patients before and three months after operation 
and compared wiht COLD control group. Values are numbers of positive reacting 
subjects (percentage in brackets) versus 11111nbers in each group tested. 
COLD 
P PD;;..- 5 mm 1 1/20 (55) 
DNCB 3 pg;i.> 1 + 1 1/ 1 5  (73) 
E-ROSETTING TEST 




3/ 1 0  (30) 
2/8 (25) 
Control 
three months Before 
after operation 
operation 
8/1 0  (80) 
6/8 (75) 
2/9 (22) 






The numbers of £-rosette-forming cells per mm3 blood did not show 
any significant changes in 1 0  BCG-treated patients nor in the seven 
patients of the control group who were tested before and three 
months after the operation and compared with the COLD group 
(fig. 3).  
LYMPHOCYTE TRANSFORMATION TEST 
The results of mitogen- and antigen-induced lymphocyte transfor­
mation tests are presented in figs. 4 - 7. Results from 1 0  BCG-treated 
patients and seven controls were compared with those found in the 
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Figure 2.  Cumulative percentages of lung cancer patients free of recurrence or 
metastasis 011 different moments after surgery in ECG-treated group, compared 
with 1zon-immu11otlzerapy control group. Difference between these groups was 
highly significant at six to 1 8  mo11ths after surgery (p<0.005). 
the test results are summarised in table III. The Wilcoxon's rank sum 
test, which is most applicable in comparing values obtained in groups 
with high individual variations, showed no statistical difference be­
tween the lymphocyte reactivity found in BCG-treated patients and 
in controls, tested before treatment (p values > 0.05). After three 
months of treatment, only a slight tendency to improvement in cel­
lular immune reactivity in BCG-treated patients was seen. 
BCG-treated patients however who were recurrence free for longer 
than 12  months after surgery showed an appreciable increase in 
lymphocyte reactivity in all the tests after one year, to values within 
the normal range of the COLD group. The differences in results m 
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COLD BCG Control 
Figure 3. £-rosette 1111111bers/1111113 of peripheral blood in BCG-treated patients 
and in non-immunotherapy control patients before and three months after ope­
ration compared with COLD control group. Cross bar indicates mean score. 
There is no difference between numbers in lung cancer patients and in COLD 
group, nor between numbers before or after operation and BCG treatment. 
this group before and 12  months after the onset of immunotherapy 
were statistically significant with Con A (p < 0.05), diphtheria 
toxoid (p < 0.0 1 )  and PPD (p < 0.05) but not PHA, where the 
initial values were relatively high. Immune responsiveness did not 
improve in the control group. The Spearman rank correlation test 
showed no correlation between the initial values obtained in lym­
phocyte stimulation tests before treatment and the subsequent results 
obtained after three and 1 2  months. So the individual alterations in 
test results were not related to the initial values obtained. 
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Figure 4. In-vitro lymphocyte response to I 1tl/111I PHA in lung cancer patients, 
before (I), three months after (II), and > 12 months after surgery (Ill) compared 
with the COLD control group. Cross bar indicates mean score. /).---/). = 
Sequential values in ECG-treated patients with favourable outcome. Difference 
ill serial results I and Ill was not significant. •---• = Sequential l'alues ill 
ECG-treated patients with 11nfa\'01trable outcome. ,._ - - -• = Sequential values 
ill 110n-i111m1111otherapy patients. 
Discussion 
Several lines of investigation support the use of immunotherapy in 
lung cancer patients. One of the approaches entails adjuvant, non­
specific immunostimulation to prevent tumour recurrence after sur­
gical treatment (Hersh et al., 1 974; Cohen, 1 975). 
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This applies to squamous-cell carcinoma in particular since chemo­
therapy has had only slight effect (Stott et al., 1 976). Our results 
in treating patients where resection proved to be incomplete with 
adjuvant radiotherapy have also been unsuccessful (Homan van der 
Heide, et al., 1974). 
d p m / m m3 
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Figure 5. ln-i•itro lymphocyte response to I pg/ml Con A in lung cancer patients, 
before (/), three months after (II), and > 12 months after surgery (Ill), com­
pared with COLD control group. Cross bar indicates mean score. 11---11 = 
Sequential values in BCG-treated patients with fa11011rable outcome. Difference 
in serial results between I and Ill was significant (p<0.05). •---• = Sequen­
tial values in BCG-treated patients with unfavourable outcome. •- - - -• = Se­
quential values in 110n-immunotherapy patients. 
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Randomised controlled clinical trials in carefully chosen patient 
groups, taking account of the histological type and the extent of 
the tumour burden, can give us more information about the usefulness 
of adjuvant immunotherapy and about the immunological effects of 
this treatment. Our results using BCG as an immunostimulant in 
this study show a significant prolongation of the recurrence-free 
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Figure 6. /n-1•itro lymphocyte respollse to JO Lf/ml diphtheria toxoid in lullg 
cancer patients, before (/), three months after (II), alld > 12 months after sur­
gery (Ill), compared with COLD COlllrol group. Cross bar illdicates mean score. 
D..---6. = Sequelltial values ill BCG-treated patiellts with fal'Ourable ol/f­
come. Difference ill serial results between I alld Ill was significant (p<0.01). 
•---• = Sequential values ill BCG-treated patients with unfavourable out­
come. •- - - -• = Sequential values in non-immunotlzerapy patients. 
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period after surgery in the treated group compared with the non­
immunotherapy group. 
Because we studied only patients with locally advanced disease, 
who therefore as a group had a very bad prognosis, most of them 
showed recurrence or metastasis quickly. For this reason already 
after six months' follow-up the difference in the duration of the 
dpm/mm3 
5 
Figure 7. In-vitro lymphocyte response to 3 1ig/ml PPD in lung cancer patients, 
before (/), three months after (II), and > 12 months after surgery (Ill), compared 
with COLD control group. Cross bar indicates mean score. !':!..--!':!.. = Sequen­
tial values in BCG-treated patients with favourable olllcome. Difference in serial 
results between I and Ill was significant (p<0.05). •---• = Sequential values 
in BCG-treated patients with unfavourable olllcome. •· - - -� = Sequential l'alues 
in 110n-i11111111notherapy patients. 
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recurrence-free period appeared highly significantly in favour of 
the BCG-treated individuals. Five patients of this latter group re­
mained recurrence-free for longer than 1 2  months and the longest 
treated patient (25 years old with a metastatic lymph node at the 
hilum) has now been recurrence-free for longer than 23 months. 
It is difficult to compare our data with other reports. Adjuvant 
BCG immunotherapy has been used in bronchial carcinoma mostly 
combined with chemotherapy or radiotherapy (Mastrangelo et al., 
1976 ; Price-Evans, 1976). Gross et al. ( 1976) did find increased 
PHA responsiveness during adjuvant BCG-treatment, but some of 
the patients described received adjuvant radiotherapy as well, and 
the study was not controlled. McKneally et al. (1976 ; 1977) did 
not find survival improved after treating patients once with intra­
pleural BCG administration in stage III of the disease and after 
removal of most of the tumour load. Immunological studies in these 
patients were not performed. Adjuvant immunotherapy with oil­
attached BCG-CWS (cell wall skeleton) in lung cancer patients after 
curative surgery improved survival, as shown by Yamamura et al. 
(1976 ), but detailed results of the immunological tests performed in 
this study are lacking. Skin tests with secondary antigens (PPD) or 
primary antigens after sensitization (DNCB) reflect the patients' 
cell-mediated immune responsiveness. Patients with lung cancer ap­
peared less responsive than controls (Krant et al., 1968 ; Israel, 1974) . 
The results of this study confirm and extend these findings. The 
increase in skin reactivity and BCG treatment appear to be related. 
It is interesting that this applies also for DNCB which is, unlike 
PPD, not related to BCG. These results differ from those obtained 
by Gutterman et al. (1973 ). In their tests with recall antigens for 
measuring the secondary response some defects may have escaped 
detection. Skin tests using primary immunogens like DNCB appear 
to be more sensitive. 
Different studies suggest that in patients with bronchial carcinoma 
the relative proportion of E-rosettes is decreased before treatment 
(Gross et al., 1975 ; Fudenberg et al., 1975 ). In our study no dif­
ference exists in the number of E-rosettes per mm3 found in carci­
noma patients before surgery compared with the COLD group. No 
consistent patterns as an effect of BCG treatment on the number of 
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PHA: I µI/ml 
Con A: 11c/ml 
Table Ill. Lymphocyte responses to mitogens and antigens in ECG-treated pa­
tients and in 1wn-imm11notherapy control patients, before and three and 12 
months after operation, compared with a COLD control group. Values are means 
and standard deviation (SD) in dpm/mm" of peripheral blood. 
COLD 
n mean (SD) 
20 872.8 (539.7) 
19 541.2 (347.8) 
BCG 
Before 
ope rat loo 
n mean (SD) 
JO 540.3 (358.8) 
lO 148 0 (140.4) 




n mean (SD) 
7 262 3 ( 180.3) 
6 65.9 ( 1 2 1 .0) 
BCG Control BCG 
three months three months > 12 months 
afler operation after operation after operation 
n mean (SD) n mean (SD) n mean (SD) 
JO 695.3 (530. I)  7 284.1 (246.5) 5 1576.9 ( 1 182.2) 
8 209.1 (322.5) 6 72.3 ( 1 1 2.8) 5 1790.I ( 1 123.3) 
D1phlh. toxoid: 10 Lf/ml 18 1 1 3 4  ( 84 2) l O  4 2  4 ( 57.0) 6 7.2 ( 5.1)  l O  36.1 ( 40.4) 6 5.2 ( 6.3) 5 169.3 ( 30.1) 
PPD: 3 1•g/ml 20 137.5 ( 134.3) 10 136.2 ( 151  9) 7 53 6 ( 94.1) tu 326 3 (240.1)  7 34.0 ( 43,3) 5 17 16.S ( 707.4) 
n = number of subjects in each group. 
rosette forming T-cells in the peripheral blood of the treated patients 
were found. This confirms the results of Anthony et al. ( 1975) . 
The mitogen- (PHA and Con A) and the antigen- (PPD and diph­
theria toxoid) induced lymphocyte transformation showed compar­
able results as found in the skin test. The lymphocyte reactivities, 
especially in patients with a favourable outcome of their disease, 
improved considerably after treatment with BCG. In-vitro studies, 
using animal or human lymphocytes, have shown different BCG 
strains to act as synergistic agents on lymphoproliferation induced 
by mitogens and LPS (lipopolysaccharide) (Bruynzeel et al., 1977). 
This synergistic activity of BCG was maximal when suboptimal 
concentrations of Con A or LPS were used, and the strongest activity 
was observed with the BCG-RIV-strain, used in our study. Until 
now the right dose and route of administration of immunostimulants 
has not been unequivocally shown. In animal tumour models mani­
pulation of the immune system with high doses of immunostimulants 
may actually increase the rate of tumour growth (Bast et al., 1974) . 
These possible tumour growth-enhancing effects might not be pre­
dicted by non-specific measurements of immune reactivity (Shibata, 
1976 ). Data suggest that the number of viable organisms in the 
BCG vaccine, the ratio of viable to dead organisms, the presence of 
free antigen, and the frequency and route of administration are all 
important factors that should be taken into account for optimal im­
munotherapy in human cancer (Gutterman, 1976 ). 
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Intrapleural administration of BCG is an effective adjuvant treat­
ment in patients with bronchial carcinoma afer curative surgery 
(McKneally et al., 1976; 1977). In contrast to our results, however, 
this was not the case in their patients with locally advanced disease. 
The relatively long time necessary to restore the immune reactivity 
of these patients, as shown in the present study, even after con­
tinuous BCG treatment might be the cause of this. Intralesional ad­
ministration of BCG is very effective in melanoma (Rosenberg et 
al., 1976 ), but the inaccessibility of bronchial carcinoma makes this 
route of administration difficult, although preliminary experiences 
were reported by Holmes et al. (1977). Furthermore, the side effects 
of BCG given into a tumour or intravenously are considerable 
(Sparks, 1976 ). In our study, using scarification techniques, few side 
effects were noticed. 
Some days after BCG administration, areas of local skin reaction 
were seen with transient regional lymph node expansion. These were 
generally more intensive after the successive weekly scarification. 
Some of the treated patients developed slight and transient fever. 
One of the patients showed very severe local reactions and, after 
repeated treatment, erythema multiforme. Intradermal injection of 
BCG appears to give more severe complications, such as chills, fever, 
malaise, hepatic dysfunction, or even disseminated BCG infection 
(Aungst et al., 1975) .  
In  comparing lymphocyte reactivity results of  the sequentially stu­
died patients with those found in a COLD group, matched on sex, 
age, and smoking habit, we found in the cancer patients, before 
surgery and BCG treatment, considerably lower immune reactivity. 
In patients with a favourable outcome after 1 2  months of BCG­
treatment the lymphocyte reactivity in the tested systems was the 
same, or appreciably higher than in the COLD controls. So when 
we can tilt the balance in favour of the immune-suppressed patient, 
the immune reactivity can be restored to values equal or higher than 
those found in a matched control group. The results obtained in 
this follow-up study show that adjuvant BCG immunotherapy im­
proved the prognosis of bronchial carcinoma patients at least tempo­
rarily. Parallel to a favourable clinical outcome, there appeared to 
be an improvement in the immune reactivity of the immune sup-
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pressed patients that was independent of the initial immune state of 
the patiens. Because of the few patients studied, we cannot conclude 
that the immunological tests performed are useful as monitoring 
devices in immunotherapy but, given the variability of the tests 
used, our study shows the existence of a correlation between adjuvant 
BCG-treatment, favourable clinical outcome, and improved immune 
reactivity in patients with squamous-cell bronchial carcinoma. 
Postscript 
After patient no. 30 entered the trial, adjuvant intrapleural admi­
nistration of BCG as an initial treatment with subsequent scarifica­
tions performed monthly was started. Therefore no further compara­
able test results are available in the first group of patients, and only 
the length of observation in this group could be increased. After six 
to 29 months' follow-up one of the patients with favourable outcome 
of the disease after 12  months showed a recurrence 1 4  months after 
surgery. Two of the control patients who were recurrence-free after 
three and four months' follow-up showed recurrence of disease with­
in the additional period. 
This study was supported by a grant from the "Stichting Koningin 
Wilhelmina Fonds, Nederlandse Vereniging voor de Kankerbe­
strijding". 
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SUMMARY AND CONCLUDING REMARKS 
AIMS OF THE STUDY 
In bronchial carcinoma patients, a dynamic immunological inter­
action may exist between the tumour and the hosts' defence system. 
The aim of the present study was, to gain more insight in the balance 
between immuno-competence and the clinical behaviour of the dis­
tinct histological tumour types. Measuring hosts' immuno-compe­
tence by applying a battery of different assays for immune status 
investigation, the question was, which of these tests can reveal dis­
turbances already before or in an early stage of the disease. Possibly 
this can reflect the hosts' capacity to resist the tumour. Next to this, 
tumour related immune complexes were studied, which may also 
give information of the tumour-host interaction. Finally was, the 
question raised if one can manipulate the immune reactivity of the 
host in favour of his prognosis, and if one can use certain immuno­
logical test-methods to evaluate the immunological effects. 
SUMMARY OF THE RESULTS 
The results of the immune status studies, (see tables and figures 
Chapter I and II) showed a markedly decreased immune response 
in advanced squamous-cell carcinoma patients (SCC III). Interest­
ingly, the level of decreased immune reactivity in lung cancer pa­
tients appeared to be dependent of the histological type of the 
patients' tumour. The group of sec patients showed the most pro­
nounced disturbances. Despite the disseminated stage of the oat cell 
carcinoma patients studied (OCC III), less decreased cellular im­
mune reactivity was found in this group, in comparison with the 
results obtained in SCC III. Still of more importance, with respect 
to the aim of the present study, is that a decreased cellular immuno­
competence could already be demonstrated in earlier stages of the 
disease. This however, applies only for the primary immunogens 
as being applied in the DNCB-skin test and the Haemocyanin in­
duced lymphocyte stimulation test. The relation between tumours 
and the hosts' immuno-competence was further illustrated in pa­
tients after curative resection of the tumour. In that group, a 
markedly increase in DNCB skin reactivity was shown. In contrast, 
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the lymphocyte react1v1ty, induced by mitogens, did not improve 
after the operation. Using DNCB skin tests and Haemocyanin 
(HPH)- induced lymphocyte stimulation tests, the relation between 
tumour growth and immuno-competence was demonstrated in sec 
III. Thus, in these cellular immune response studies, more useful 
and discriminating results were obtained, using primary test im­
munogens (Chapter I and II). Therefore, the patients' capacity to 
respond with specific antibody production after primary immuni­
zation with HPH was studied in more detail, using an ELISA tech­
nique for the detection of immunoglobulin class specific antibodies 
(Chapter III). A significantly decreased T-cell dependent IgG and 
IgA anti-HPH- antibody production was found in SCC III, but 
a still normal one in localized SCC (SCC I). However, these early 
clinical cases did show disturbances when studying the patients' 
responses in a more kinetic approach with serial serum investigations 
after primary immunization. Then a more rapid decline of the IgG 
and IgA antibody titers was shown compared with two control 
groups. In relation with this it is important to mention that in this 
patient group the HPH- induced lymphocyte stimulation was also 
significantly decreased in the early stage of the disease. Further in­
vestigations on the role of humoral factors in the tumour-host re­
lationship were done by studying the presence of phagocytized im­
munoglobulin and complement inclusions in circulating polymor­
phonuclear leucocytes (PMN) of the patients (Chapter IV). Those 
inclusions probably consist of immune complexes of tumour anti­
gens and anti-tumour antibodies. Positive scores were found to be 
related with the extent of the disease. After curative resection of 
the tumours, a significantly decline in scores was shown, and the 
phenomenon was related with the further course of the disease. In 
patients with highly differentiated tumours, lower scores were found 
as compared with patients with those having less differentiated tu­
mours. Conceivably as a consequence of differences in antigen-anti­
body ratios in the complexes. 
In a controlled clinical trial in SCC patients, adjuvant BCG-im­
munostimulation was given after surgical removal of the macros­
copic tumour burden, in a highly selected patient group with locally 
advanced SCC (SCC II) (Chapter V). 
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In the BCG treated group a longer recurrence free period after 
surgery was shown, compared with a non-immunotherapy control 
group. In these BCG-treated patients with a more favourable out­
come of the disease, a striking improvement of the immune response 
was shown, measured with DNCB skin tests and with mitogen and 
recall antigen induced lymphocyte stimulation tests. 
CONCLUDING REMARKS 
The histological tumour types studied showed a remarkably distinct 
relationship with their hosts' immuno-competence. While in SCC 
patients decreases in cellular immune response were already detect­
able in an early stage of the disease, these were found less pronoun­
ced in OCC bearing patients. These findings favour the hypothesis 
that in sec, and less in occ, immunological control mechanisms 
are actually being involved i.e., that in patients with sec the tu­
mour development and/or its further growth is facilitated by the 
impaired hosts' immunocapacity. The relationship between immuno­
capacity with subsequent tumour growth and the results of the BCG 
immunostimulation studies in the sec patients, are further argu­
ments in favour of this hypothesis. In connection to this, the results 
of histological studies, performed by Joachim et al (1976 ), seem of 
interest. They found in SCC tumours, dense infiltrates of mononu­
clear cells. Presumably, these invading elements represent a tumour 
directed immunological attack. In contrast, OCC tumours were 
almost devoid of these inflammatory cells. 
Immune status studies in tumour bearing patients aim to obtain 
information about the actual condition of the immunological defence 
system. For the humoral immunity this is reflected by immunoglo­
bulin levels and specific antibody titers. The cellular immunity is 
tested by intradermal skin tests with recall antigens (like for instance 
PPD), by lymphocyte counts and in-vitro tests for T-lymphocyte 
function (E-rosettes and lymphocyte stimulation tests in short term 
cultures measuring reactivity by 3H thimidine uptake after the 
addition of mitogens, antigens or allogeneic lymphocytes). These 
tests have the advantages of being relatively easy to perform and, 
further, results can be obtained in a short time because no immuni-
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zation of the patients is required. However, they all showed the 
immunological disturbances in patients who are already in the more 
advanced stages of the disease. 
In a further approach of our immune status studies, the immuno­
capacity was tested after the patients were immunized with test 
immunogens. Secondary immunogens i.e. diphtheria- and tetanus 
toxoid, are called so because the subjects have been immunized once 
or more times before, and because a renewed contact is eliciting a 
secondary- or memory-response. Primary immunogens, introduced 
for the first time, require an antigen conditioning or priming, before 
the immune response can take place. In contrast to secondary im­
munogens, results of immuno-competence studies, using primary 
ones did showed already disturbances in an early clinical stage of 
SCC patients. This applies for the DNCB skin test as well as for 
the HPH-induced lymphocyte stimulation test. Thus, SCC patients 
appear to have an early or a primary defect in their antigen recog­
nition or antigen handling function. Whether this reflects also the 
possible defects in the tumour specific hosts' response, remains an 
intruiging question. In practice, both these primary tests are parti­
cularly useful for immune status investigations, not only as was 
shown in malignant melanoma, (de Gast, thesis, 1975) but also in 
bronchial carcinoma. 
Some insight into the kinetics of the impaired immunocapacity of 
SCC patients is gained by studying the HPH-induced immune res­
ponse in more detail. Particular interest is the finding that early 
stage sec patients showed disturbances in the kinetics of their 
thymus dependent antibody production, after primary immunization 
with HPH. They apparently have lost the capability to maintain 
the production of these antibodies at the same serum levels as the 
controls. This phenomenon, being accompanied by a concomittant 
decreased, T-cell dependent, HPH-induced, lymphocyte stimulation 
test, is likely a cons�quence of certain immunoregulatory mechan­
isms. In this respect, our findings of circulating IgG immune com­
plexes in these patients are of special importance. A negative feed­
back mechanism of these type of immune complexes on T-cell de­
pendent antibody production is demonstrated by Moretta et al. 
79 
(1977). Activated T-suppressor cells with an Fe-receptor for IgG 
molecules may possibly be explained by our above mentioned 
findings in bronchial carcinoma patients. 
In clinically immunological studies of bronchial carcinoma patients, 
extensive and critical clinical investigation of the patients is of major 
importance. Besides, critical selected control studies have to be done. 
This is of special interest because individuals with "allergic asthma" 
have shown a significantly lower incidence of malignancies (Alder­
son, 1975), except bronchial carcinoma, which phenomenon may be 
related to an altered immune response pattern in these patients. On 
the other hand however, it has been shown that lung cancer and 
Chronic Non Specific Lung Disease (CNSLD) or Dutch CARA 
share common predisposing and probably aetiological components 
(v. d. Wal et al., 1966;  Cohen et al., 1977). Therefore, studies were 
done not only in a normal control group (NC), but also in a group 
of individuals, suffering from low grade chronic obstructive lung 
disease (COLD). However, as yet no differences in immune respon­
siveness between these two selected groups, were detectable. 
Further studies on several groups of patients with CNSLD with, 
different characteristics remain to be done, to detect possible im­
munological characteristics which may give insight in the relation 
between CNSLD and bronchial carcinoma. 
How lung cancer relates immunologically to the host and how that 
relation can be turned to therapeutic advantage, was the ultimate 
target of our studies on the immunological aspects in bronchial car­
cinoma patients. For the moment, immunotherapy or immunopro­
phylaxis with purified tumour antigens is not feasible (Oettgen, 
1977). Therefore, non-specific stimulation of the immune system 
with BCG, which is known to increase immune responsiveness to a 
variety of antigens, was used. The results obtained with this adju­
vant therapy are encouraging for further investigations in this field. 
Of special interest in this respect is the demonstrated relation be­
tween the existence of a more favourable clinical outcome and the 
measurable improvement of the cellular immunocapacity in the pa­
tients of the BCG-treated group. 
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SAMENVATTING EN CONCLUSIES 
DOELSTELLINGEN VAN HET ONDERZOEK 
Klinische waarnemingen en immunologische studies bij patienten 
met een primair bronchus carcinoom, wijzen op het bestaan van een 
dynamische immunologische interaktie tussen de tumor en de gast­
heer. Het doel van dit onderzoek was, meer inzicht te verkrijgen in 
de balans die bestaat tussen het immunologische weerstandsvermogen 
van de gastheer en de kliniek van de verschillende histologische tu­
mortypes. Door meting van de immuuncapaciteit van de patient mid­
dels een aantal verschillende testmethodes voor immuunstatus onder­
zoek werd getracht de vraag te beantwoorden, welke van deze testen 
v66r, of reeds in vroegere stadia van de ziekte veranderingen in de 
immuunresponse laten zien. Hierdoor zou mogelijk meer inzicht kun­
nen worden verkregen in de mate waarin de gastheer de tumorgroei 
kan onderdrukken. Daarnaast werden circulerende immuuncom­
plexen, die mogelijk bestaan uit tumor-antigenen en daartegen ge­
richte antistoffen, bestudeerd. Hierdoor kan een aanvullende infor­
matie verkregen worden over de tumor-gastheer relatie. Tenslotte 
was er de vraag of men door het manipuleren van de immuunreak­
tiviteit van de gastheer, zijn prognose kan verbeteren en of men 
daarbij bepaalde immunologische testen kan gebruiken om het 1m­
munologische effect van een dergelijke behandeling te meten. 
SAMENVATTING VAN DE RESULTATEN 
De resultaten, verkregen bij het imuunstatus onderzoek, (zie tabellen 
en figuren Hoof dstuk I en II) lieten een sterke vermindering zien 
van de immuunreaktiviteit bij patienten met een gedissemineerd 
(stadium III) planocellulair carcinoom (PCC III) . Het viel echter 
op dat de mate waarin de immuunreaktiviteit gestoord was bij 
patienten met longkanker in het algemeen, sterk afhankelijk bleek 
te zijn van het histologische tumortype. In de groep van de PCC 
patienten werden de meest uitgesproken afwijkingen gevonden. On­
danks het gedissemineerde stadium waarin de bestudeerde patienten 
met een oatcel carcinoom (OCC) zich bevonden, werd in deze groep 
de gemeten cellulaire immuunreaktiviteit minder sterk gestoord ge­
vonden, vergeleken met de PCC patienten in hetzelfde stadium. Van 
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nog groter belang met het oog op de doelstelling van het onderzoek 
is de bevinding dat een verminderd cellulair gemedieerd immuno­
logisch weerstandsvermogen reeds in de vroegere stadia van de ziekte 
kon worden aangetoond. Dit gaat echter alleen op voor de resul­
taten verkregen bij gebruik van primaire testimmunogenen, zoals 
die werden toegepast in de DNCB huidtesten en middels de haemo­
cyanine (HPH) gelnduceerde lymphocyten stimulatie testen. Het 
verband tu:;sen tumor en immuunreaktiviteit werd verder gelllus­
treerd bij patienten na een curatieve resectie van de tumor. In die 
groep werd een duidelijke toename van de DNCB huidreaktie 
waargenomen. Daarentegen nam de door mitogene stoffen opge­
wekte lymphocytenreaktiviteit, na de operatie, niet toe. Gebruik 
makend van DNCB huidtesten en HPH gelnduceerde lymphocyten 
stimulatie testen, kon een relatie worden aangetoond tussen tumor­
groei en immuunreaktiviteit bij patienten in het stadium III van het 
PCC. Gezien bovengenoemde bevindingen kan worden gesteld dat 
meer bruikbare en meer subtiele immunologische afwijkingen in de 
vroege stadia van de ziekte werden gevonden in het immuunstatus 
onderzoek middels primaire testimmunogenen (Hoof dstukken I en 
II). 
Verder onderzoek werd daarom verricht naar de hoedanigheid en 
de mate waarin de patienten in staat waren met specifieke antistof­
produktie te reageren op een primaire immunisatie met HPH 
(Hoofdstuk III). De verschillende immunoglobuline klassen waartoe 
de specifieke antistoffen behoren, werden daarbij bepaald middels 
een ELISA techniek. Een statistisch significante daling van de T-cel 
afhankelijke IgG en IgA anti-HPH-antistofproduktie werd daarbij 
gevonden bij patienten met een PCC III, maar patienten met een 
PCC I, vertoonden een normale antistof produktie. Deze laatste 
groep patienten vertoonde echter al wel een gestoorde reaktiviteit 
wanneer het verloop van de response meer kinetisch werd bestudeerd, 
in een longitudinaal 011derzoek, na de immunisatie. Dan werd een 
snellere daling van de IgG en IgA antistof titers waargenomen in 
vergelijking met verschillende controlegroepen. Van belang hierbij 
is op te merken dat in deze patientengroep ook de HPH gei'ndu­
ceerde lymphocyten reaktiviteit al in dit vroegere stadium van de 
ziekte gestoord bleek. 
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Verder onderzoek naar de rol van humorale faktoren in de tumor­
gastheer relatie werd verricht door bestudering van immunoglo­
buline- en complement insluitsels in circulerende polymorphonu­
cleaire leucocyten van patienten (Hoofdstuk IV) .  Deze insluitsels 
zijn waarschijnlijk gephagociteerde immuuncomplexen, mogelijk op­
gebouwd uit tumorantigenen en daartegen gerichte antistoffen. Posi­
tieve scores bleken gerelateerd aan de uitgebreidheid van de ziekte. 
Na curatieve resectie van de tumoren werd een significante daling 
in scores gezien en voorts was het f enomeen gerelateerd aan het 
verdere verloop van de ziekte. Bij patienten met hoog gedifferen­
t1eerde tumoren, werden lagere scores gevonden clan bij patienten 
met minder gedifferenfieerde tumoren. Mogelijk verband houdend 
met de verschillen in antigeen-antistof ratio in de complexen. 
In een klinisch onderzoek bij een streng geselecteerde groep PCC 
patienten in stadium II, werd aanvullende immunostimulatie toege­
diend na chirurgische verwijdering van de macroscopische tumorlast 
(Hoofdstuk V) . Bij de patienten die behandeld werden met het im­
munostimulans BCG (Bacillus Calmette-Querin) werd na de ope­
ratie, een langere recidief vrije periode verkregen vergeleken met 
een, 'at random' gekozen, niet behandelde groep. Bij patienten met 
een gunstiger verloop van de ziekte werd bovendien een sterke toe­
name van immuunreaktiviteit gevonden, gemeten m.b.v. DNCB 
huidtesten en met mitogenen- en antigenen geinduceerde lympho­
cyten stimulatie testen. 
CONCLUSIES 
De verschillende, onderzochte histologische types van de tumor 
vertoonden een opvallend duidelijk verband met het immunologische 
weerstandsvermogen van de gastheer. Terwijl in PCC patienten een 
verminderde cellulaire immuunresponse al aantoonbaar was in een 
vroeg stadium van de ziekte, werd deze veel minder uitgesproken 
gevonden in OCC III. Deze bevindingen ondersteunen de hypothese 
dat bij patienten met een PCC, en minder bij patienten met een 
OCC, immunologische mechanismen een rol spelen, m.a.w. dat bij 
patienten met een PCC de tumorontwikkeling en groei wordt be­
vorderd door een gestoorde immuuncapaciteit van de gastheer. Het 
verband tussen immuuncapaciteit, de daarbij behorende groei van 
de tumor en de invloed van BCG immunostimulatie daarop, onder-
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zocht bij patienten met een PCC, zijn aanvullende argumenten voor 
de mogelijke validiteit van deze hypothese. In verband hiermee 
lijken de resultaten van Joachim et al. (1976) van belang, verkregen 
bij histologisch onderzoek van longcarcinomen. 
Zij vonden in planocellulaire carcinomen, dichte infiltraties van 
mononucleaire cellen die mogelijk een tegen de tumor gerichte, im­
munologische reaktie vertegenwoordigen. Daarentegen vond men 
oatcel carcinomen vrijwel geheel vrij van deze reaktieve cellen. 
Immuunstatus onderzoek bij patienten met kanker heeft als doel, 
informatie te verkrijgen omtrent de aktuele omstandigheid waarin 
bet immunologische weerstands-apparaat zich bevindt. Voor wat 
betreft de humorale immuniteit wordt dit weergegeven door de 
immunoglobulinespiegels en specifieke antistof titers. De cellulaire 
immuniteit wordt gemeten middels intradermale huidtesten met se­
cundaire antigenen (zoals bij voorbeeld PPD), middels bepalingen 
van bet aantal lymphocyten en in-vitro onderzoek naar de T-lym­
phocyten funktie (zoals E-rozetten en lymphocyten stimulatie testen 
in kortdurende celkweken waarbij reaktiviteit gemeten wordt mid­
dels 3H thymidine opname na toevoeging van mitogenen, antigenen 
of allogene lymphocyten) . Deze testen hebben bet voordeel gemak­
kelijk uitvoerbaar te zijn waarbij bovendien de resultaten op korte 
termijn kunnen worden verkregen, aangezien voorafgaande immu­
nisatie van patienten niet noodzakelijk is. Echter, immunologische 
stoornissen konden er slechts mee worden aangetoond bij patienten 
die al in een meer gevorderd stadium van de ziekte verkeren. Daar­
om werd ter verdere evaluatie van bet immuunstatus onderzoek, de 
immuuncapaciteit gemeten na eerst de patienten te hebben ge"immu­
niseerd met test immunogenen. Secundaire immunogenen, zoals dif­
terie- en tetanus toxo"id, worden zo genoemd omdat de personen 
daarmee reeds een- of meermalen tevoren zijn ge"immuniseerd, en 
een hernieuwd kontakt een secundaire- of anamnestische reaktir 
oproept. Primaire immunogenen, voor de eerste maal gebruikt, ma­
ken eerst een 'antigeen verwerking' noodzakelijk voordat een immu­
nologische reaktie kan plaatsvinden. In tegenstelling tot secundaire 
immunogenen, lieten de resultaten van bet onderzoek naar bet im­
munologische weerstandsvermogen, verkregen na gebruik maken van 
primaire immunogenen reeds veranderingen zien bij patienten in een 
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vroeg stadium van het PCC. Dit is het geval, zowel voor de DNCB 
huidtest als voor de HPH ge"induceerde lymphocyten stimulatie test. 
M.a.w., Patientcn met een PCC blijken een vroege of een primaire 
stoornis te hebben in hun antigeen herkennings- of verwerkings­
funktie. Of dit ook een mogelijk defekt in de specifieke tegen de 
tumor gerichte response weergeeft, blijft een intrigerende vraag. In 
de praktijk blijken de beide testen zeer bruikbaar voor immuunstatus 
onderzoek, niet alleen als aangetoond bij het maligne melanoblas­
toom (de Gast, 1975 ), maar cok bij het bronchus carcinoom. 
Enig inzicht in de kinetiek van de verminderde immuunreaktiviteit 
bij patienten met een PCC wordt verkregen door nadere bestudering 
van de HPH ge"induceerde immuunresponse. Van speciaal belang 
daarbij is de bevinding dat de vroegere stadia van PCC patienten 
een stoornis vertoonden in de kinetiek van hun thymus afhankelijke 
antistof produktie, na een primaire immunizatie met HPH (fig. 2 
Hoofdstuk III). Blijkbaar hebben deze patienten de mogelijkheid 
verloren de produktie van antistoffen op hetzelfde niveau te hand­
haven zoals de controle personen dat deden. Dit verschijnsel, dat 
vergezeld ging van een gelijktijdige verminderde T-cel afhankelijke, 
HPH ge"induceerde lymphocyten stimulatie test, is waarschijnlijk 
het gevolg van bepaalde immunoregulatoire mechanismen. In dit 
verband zijn onze bevindingen, met betrekking tot circulerende 
immuuncomplexen bij deze patienten, van bijzonder belang. Een 
negatieve "feedback'', uitgeoefend door dergelijke immuuncom­
plexen, op de T-cel afhankelijke antistofproduktie werd aangetoond 
door Moretta et al. ( 1977). Geaktiveerde T-suppressor cellen met 
een Fe-receptor voor IgG moleculen spelen mogelijk ook bij bron­
chuscarcinoom patienten een rol. 
Bij klinisch immunologisch onderzoek van bronchuscarcinoom pa­
tienten, is uitvoerig en kritisch klinisch onderzoek van de patienten 
van het grootste belang. Daarnaast client kritisch controle onderzoek 
plaats te vinden. Dit is van speciale betekenis omdat gebleken is dat 
personen met een "allergic asthma" een significant lager voorkomen 
van maligne aandoeningen vertonen (Alderson, 1975), met uitzon­
dering van het bronchus carcinoom. Dit zou verband kunnen houden 
met een veranderde immuunresponse van deze patienten. Daarnaast 
echter, is gebleken dat longkanker en Chronische Aspecifieke Res-
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piratoire Aandoeningen (CARA) overeenkomstige predisponerende 
en mogelijk zelfs aetiologische componenten vertonen (v. d. Wal et 
al., 1966; Cohen et al., 1977). Om die reden werd niet alleen een 
gezonde controlegroep onderzocht (normal controls = NC) maar 
ook een grocp personen die leden aan een lichte tot matige graad 
van chronisch obstructieve longziekte (chronic obstructive lung di­
sease = COLD). Verschillen in immuunresponse tussen deze beide 
groepen werden echter niet gevonden. Nader onderzoek bij beter 
geselecteerde groepen patienten met een chronische obstructieve 
longziekte moeten in dit verband worden uitgevoerd, om daarmee 
mogelijke immunologische karakteristieken te vinden, welke meer 
inzicht zouden kunnen geven in de samenhang tussen chronische 
obstructieve longziekten en het bronchus carcinoom. 
Hoe de immunologische verhouding tussen longkanker en de gast­
heer ligt, en hoe deze in een therapeutisch voordeel kan worden 
beinvloed, was het uiteindelijke doel van onze onderzoekingen naar 
de immunologische achtergronden bij patienten met een bronchus 
carcinoom. Op dit moment is immunotherapie of immunoprophylaxe 
met gezuiverde tumor antigenen niet toepasbaar (Oettgen, 1 977). 
Daarom werd gebruik gemaakt van de niet-specifieke stimulatie 
van het immuunsysteem middels BCG. Hiervan is bekend dat het 
een toename van de immuunresponse op verschillende antigenen 
veroorzaakt. De resultaten verkregen met deze aanvullende behande­
ling zijn bemoedigend voor verder onderzoek op dit gebied. Van 
speciaal belang daarbij is de gevonden relatie tussen het optreden 
van een gunstiger klinisch verloop van de ziekte en de meetbare 
verbetering van de cellulaire immuuncapaciteit bij patienten van de 
met BCG behandelde groep. 
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APPENDIX to CHAPTER I 
Table I. l 
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Data on age, sex , peripheral blood cell counts, E-rosetting lymphocytes , 
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Table I. 2 
Controls 








7 5  m 
5 4  m 
60 
56 m 
5 4  
1 0  58 m 
1 1  54 m 
1 2  5 2  m 
1 3  6 4  
1 4  6 2  m 
1 5  68 m 
16 60 m 
1 7  7 5  f 
18 6 2  m 
19 7 4  m 
Data on age , sex, peripheral blood cell counts, E-rosett1ng lymphocytes , 
and skin tests in COLD-controls. 
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T4ble I. J Data on age, sex, TNM-classification, peripheral blood cell counts , 
E-rosetting lymphocyte s ,  and skin tests in SCC. I patients . 
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Table I . 4  Data on age, sex, TNM-classi..Eication; peripheral blood celJ. counts , 
E-rosetting lyrnphocyt�s , and skin tests in SCC � I I  patients . 
Patients peripheral blood E-rosettes skin tests 
TNM leuc/mm 3 ly• ly/nun 3 mo% mo/mm 3 T-% T/nun 3 PPD . mm  DUCB-score no age sex 
57 m T2N1MO 6200 3 1  1 922 434 75 1 4 4 1  1 3  
4 5  m T2N I MO 6500 1 5  9 7 5  390 76 7 4 1  0 
70 T2N 1 MO 7300 1 1  803 365 82 658 9 
25 m T2N1MO 4700 45 2 1 1 5  8 376 67 1 4 1 7  0 
58 m T3NOMO 7200 44 3 1 6 8  504 56 1 747 0 6 
67 m T3NOM0 1 1 300 25 2 8 2 5  3 3 9  59 1670 0 
4 5  T2NIMO 4400 36 1 584 220 7 3  I � 3 6  1 4  
8 53 T3N I MO 7900 3 1  2449 3 1 6  7 8  1 9 1 0  
5 3  T 3N I MO 1 0 500 2 5  2625 420 8 2  2 1 50 
1 0  69 T211 1MO 8800 1 2  1 056 704 66 697 0 
1 1  64 m T2NlMO 8000 25 2000 560 62 1 200 20 6 
1 2  53 T2N l >!O 7 1 00 24 1 704 284 83 1 4 1 4  1 5  
1 3  64 m T2N1M0 6400 3 1  1 984 1 0  640 84 1666 0 
1 4  64 T2N1MO 6300 33 2079 63 59 2080 1 9  
1 5  64 m T2N I M0 5800 1 8  1 0 4 4  1 7 4  74 772 16 
16 68 T2N I MO 7 1 00 25 1 7 7 5  3 5 5  74 1 4 20 
Table I. S Data on age , sex, TNM-classification, peripheral blood cell counts, 
E-rosetting lymphocyte s ,  and skin tests in SCC. III patients. 
Patients skin tests 








T-\ T/mm3 PPD. mm DNCB-score 
6 
8 
5 1  T3N2Ml 
6 1  m T2N2MO 
63 m T3N2MO 
7 5  
72 
T2N I M 1  
T2N2MI 
7 5  m T3N-MI 
72 m T2NIMI 
63 m T3N2MO 
70 T3N-Ml 
1 0  14 m T2N-MI 
1 1  6 7  m T2N-Ml 
1 2  60 m T3N2Ml 
1 3  65 T3N1MO 
1 4  6 3  m T3N1 MO 
1 5  58 m T3N-Ml 
1 6  7 4  m T3N2MO 
1 7  6 5  m T3N2MO 
1 8  56 m T2N2MO 
1 9  6 2  T3NOMO 
20 6 3  m T3N2MO 
2 1  7 2  
22 67 
T l N2MO 
T3N2MO 
2 3  47 m T3N2MO 
24 6 1  T I N-Ml 
25 (77) m T3N2MO 
26 ( 7 6 )  T2N-Ml 
27 ( 7 0 )  m T2N2MO 
28 ( 6 3 )  m T3N l MO 
nv - no value obtained 
1 1 900 
1 2600 




1 5 500 
9 
1 9  
1 4  
1 8  
6 
9 









2 1  
3 3  
1 5  
29 
10 
1 2  
1 8  
10000 24 
10900 19 





8600 2 1  







1 0 7 1 
2394 
2408 
1 1 70 
1 92 









2 1 60 
2400 









1 3  
6 
1 2  
1 0  
1 0  
1 0  
9 
1 2  
1 5  
1 2  
1 3  
1 3  




952 6 1  
882 63 
688 68 
1 1 70 60 
4 1 6  49 
1074 64 






1 1 25 
59 
58 
1 54 8  64 
1800 5 1  
400 63 
1 308 6 1  






1 0 3 1  
2064 







1 1 00 
1 5 1 0  
1 260 
2020 
490 7 1  1 1 800 
8 1 9  6 3  
602 48 
650 66 
630 6 5  
2 3 4  7 7  




3 1 7  
866 








1 1  
1 5  
1 5  
0 
0 
1 8  
0 
0 




















Table I .  6 Data on age, sex, TNM-classification, peripheral blood cell counts , 
E-rcsetting lymphocytes , and skin tests in CCC. I I I  patient s .  
Patients peripheral blood E-rosettes skin tests 
TNM leuc/mm 3 ly\ ly/mm 3 mo• mo/rmn 3 T-\ T/mm 3 POD . mm DNCB-score no age sex 
63 T2N2MO 6900 28 l 9J2 552 69 1 3 33 
73 m T2N 1 MO 1 2 1 00 26 3 1 46 1 0  1 2 1 0  4 8  1 5 1 0  20 
62 m T3N2MO 7 1 00 36 2556 9 639 7 1  1 8 1 5  1 0  6 
59 m T2t12Ml 9300 25 2 3 2 5  1 86 66 1 5 30 0 6 
6 5  T3N2MO 6800 2 8  1 904 204 70 1 3 32 9 6 
6 42 T3N 1 Ml 6600 2 5  1650 1 32 79 1 303 0 
50 T3N2MO 6300 29 1 827 189 58 1059 0 
5 3  m T2N2MO 7700 27 2079 1 54 79 1642 0 
62 m T3N-Ml 7800 32 2496 546 85 2 1 2 2  1 0  
1 0  7 4  m T2N2Ml 8800 29 2552 1 0  880 71 1 8 1 1  0 
1 1  59 T3N2Ml 7300 18 1 3 1 4  8 584 83 l oq 1 1 1  
Table I .  7 Data on age, sex, TNM-classification, peripheral blood cell count s ,  
E-rosetting lymphocyte s ,  and skin tests in AC.  I ( I I )  patients .  
Patients peripheral blood E-rosettes skin tests 
sex TNM leuc/mm 3 ly• ly/mm 
3 
mo\ mo/mm 
3 T-\ T/mm 3 PPD . mm  DNCB-score no age 
65 m T l NOMO 4500 27 1 2 1 5  1 80 7 8  947 0 8 
65 m TlNOMO 5200 4 2  2 1 84 1 0  520 60 1 3 1 0 1 0  
74 T2NOMO 6900 37 2553 69 8 2  2093 0 
4 60 m T l NOMO 7800 24 1 872 546 79 1 4 7 8  2 0  
68 m T2N 1 MO 7000 20 1 400 420 73 1022 0 6 
6 62 m T l NOMO 7900 3 1  2449 6 474 67 1 640 1 0  9 
Table I . B  Data on lunqfunction tests i n  normal controls (NC) 
NC lungfunction tests 
no vc vc (peed) FEVl FEVl !pred) FEVl/VC\ FEVl/VC\ (peed) 
3 . J s
• > 3 . 14 2 .  lS 1 . 9 1 64 60 
4 .  so 4 . 07 3 .  2 S  2 .  S3 72 62 
s.  so 4 . 67 4. 2 S  3 .  28 77 70 
4 . 60 4 .  7 S  J . 10 3 .  20 67 67 
s .  46 4 . 08 3 .  S 2  2 .  82 64 69 
6 2 .  7 S  2 .  7 7  l .  79 1 . 68 6 S  6 1  
4 .  S7 4 . 04 J . 01 2 .  4 2  66 60 
4 .  7S 4 . 83 3 .  4 S  3 .  2 0  7 2  6 6  
9 4 . 00 3 . 66 3 .  SS 2 . 90 88 7S 
10 4. 30 4 . 60 2 .  92 3 . 0 S  68 66 
ll 4. SS 4 . S9 2 . 60 2 .  83 S7 !;2 
1 2  3 .  7 0  3 . 69 2 . 90 2 . S4 7 8  6 9  
l3 3 .  SS 3 . 84 2. so 2 .  37 70 62 
14 3.  Sl 4 .  S6 2 .  32 2 . 98 66 6S 
lS 4 . S7 4 . 0S 3 . 16 2 .  77 69 68 
16 S . 96 s. 44 4 . 86 4 . 06 8 1  74 
MEAN 4 .  3 S  4 . 17 3 . 08 2 .  7 8  70 . 3  66 . 0  
so 0 . 86 0 . 67 o. 77 O . S6 7 . 6  4 . 7 
It· ) - values in liters 
Ve = Vital Capacity , FEVl - Forced Expi ratory Volume over 1 second, 
FEVl/VC\ = FEVl expressed as a percentage of the VC , 
(pred) = predicted. 
Table I. 9 Data on lungfunction tests in COLD-controls 
COLD lungfunction tests 
no vc VC lpred) FEVl FEVl Cored) FEVl/VC\ FEVl : VC\ (pred) 
3 . 1 / >  S . 10 1 . 4 0  3 .  30 4 S  6S 
4 . 01 4 . 22 2 . 91 2 .  Sl 7 2  60 
4 .  70 4 .  83 3 . 10 3 . 07 66 64 
4. 30 4 . 00 l .  80 2 .  so 42 62 
3 .  lS 3. so 1 . 40 2 . 02 44 S B  
6 4 .  3S 4 . 90 l .  30 3. 31 30 68 
4 .  80 4 .  70 2 . BO 3 . 06 SB GS 
8 3 .  27 3 . B 2  2 .  34 2 . S S  7 2  67 
9 4 . 07 4 . 60 2 .  l S  3 . 10 S3 67 
10 4 . 90 4 . 67 2 .  9S _3 . 4 3  60 73 
11 3 . 86 3 . 89 2 .  2 4  2 . 61 SB 67 
12 4 .  2 7  S . 13 2 .  47 3 . S S  S B  69 
13 3 . BO 3 .  82 2 . 4 0  <! . 62 63 69 
14 2 . 9 S  3 .  7 3  l . 6S 2 . 4 7  56 66 
l S  l .  80 4 . 40 2 . 00 2 . 69 53 61 
16 4 . 00 4 . lS 2 .  S 7  2 . 7 B  64 67 
!7 4. 7 S  4 . 3 2  l . BO 2 .  S 2  38 S 8  
lB 3. 4S 4. 22 l. 70 2. 70 49 64 
19 3 . 90 4 . 10 2. )S 2 . so 60 61 
MEAN ] .  97 4 . 32 2 .  lB 2 . 80 S 4 . 8  64 . B  
SD O . S9 0 . 4 8  o . ss 0 . 40 1 1 .  2 4 . 0  
"" ) � values in li ter5 
vc � Vital Capacity, FEVl Forced Exoiratory Volume over 1 !lecond , 
FEVl/VC\ • FEVl expressed as a percentage of the VC , 
(pred) • predicted . 
APPENDIX to CHAPTER II 
Table I I .  1 Data on lymphocyte stimulation induced by mitogens ( P HA ,  CON-A , PWM) , antigens , 2 weeks after 
immunization (HPH , Dipht. tax. ) ,  PPD , and in MLC , in NC , (normal controls) . 
Patients LymEhoc�te stimulation 
dpm/well . stimulated - dnm/wel l . unstimulated dnm/mm 
3 
no PHA Con-A PWM HPH Dij2ht PPD PHA Con-A PWM HPH DiEht PPD 
1 7918 9656 4621 5306 8056 5211 807 . 6  984 . 9  471 . 3  162 . 4  246 . 5  159 . 5  
2 147 38 18078 14148 5570 18919 18544 8 35 . 2  1024 . 4  801 . 7 94 . 7  3 2 1 . 5  315 . 2  
3 9613 15474 23950 6545 4362 42494 7 9 6 . 6  1282 . 3  1984 . 6  164 . 9  108 . 4  1056 . 4  
4 13211 8268 4888 10708 7036 992 970 . 6  607 . 4  359 . 1  236 . 0  1 55 . 1  2 1 . 9  
5 5288 2657 897 3 4445 1182 2 2827 2 8 1 .  7 141 . 5  477 . 9  71 . l  1 8 . 9  364 . 8  
6 10037 5692 7655 4560 7616 49954 101 1 .  7 573 . 8  771 . 6  137 . 8  230 . 3  1524 . 1  
7 12842 5678 22692 4899 1463 4534 6 81 . l  301 . l 1203 . 4  7 7  . 9  2 3 . 3  7 2 . 1  
8 7954 5074 14903 12654 nv 38612 7 55 . 6  482 . 0  1415 . 8  360 . 6  nv 1097 . 6  
9 12653 12458 13328 12408 5659 2 3852 593 . 4  584 . 3  625 . l  188 . 6  93 . 7  349 . 7  
10 6448 5155 9595 5649 6835 3455 548 . 7  438 . 7  816 . 5  144 . 2  174 . 5  88 . 2  
1 1  11808 4 300 12367 1441 nv 1708 1017 . 5  370 . 5  1065 . 6  37 . 3  nv 44 . 2  
1 2  11294 4569 4412 7009 3999 16589 764 . 2  309 . 2  291 . 8  142 . 3  81 . 2  3 3 6 . 7  
i-lEAN 10317 . 2  8088 . 3  11794 . 4  6766 . 4  6512 . 7  19056 . l  7 55 . 3  592 . 4  856 . 8  151 . 5  145 . 4  452 . 5  
SD 2940 . 6  4874 . 8  6522 . 6  3425 . 5  4983 . l  17054 . 3  2 1 1 .  2 339 . 2  492 . 9  85 . 5  99 . 1  494 . 9  















10779 . 2  
5305 . 5  
Table I I .  2 Data on lymphocyte stimulation induced by mitogens ( P HA ,  CON-A , PWM) , antigens , 2 weeks after 
immunization (HPH , Diph t .  tox. ) ,  PPD , and in MLC , in COLD-controls 
Patients Lymphocyte stimulation 
dpm/wel l , stimulated - dpm/well , unstimulated dpm/mm3 









































2 7 3 3  







































1 7 3 3 7  











10526 . 6  6400 . 1  9998 . 4  9314 . 1  
5451 . 7  3926 . 7  4210 . 6 413 2 . 1  





































478 . 9  
157 . 3  
361 . 7 
806 . 4  
237 . 6  
776 . 7 
1266 . l  
776 . 9  
514 . 3  
1020 . 7  
7 2 9 .  7 
24 2 .  0 
174 3 . 9  
181 9 . 4  
934 . 5  
990 . 5  
293 . 9  
1223 . 6  
5653 . 5  10997 . 7  798 . 6  
3608 . 3  16324 . 7  491 . 7  
227 . 0  
114 . 8  
2 1 1 .  7 
506 . 2  
119 . 6  
397 . 9  
811 . l  
5 3 1 .  2 
201 . 4  
338 . 8  
418 . 5  
287 . 8  
1189 . 7 
1218 . 3 
766 . 2  
7 06 . 0  
86 . 0  
500 . 0  
479 . 6  
342 . 6  
474 . 5  
257 . 3 
337 . 4  
482 . 0  
398 . 7  
887 . l  
1401 . 0 
969 . 3  
499 . 9  
550 . 2  
706 . 9  
724 . 9  
658 . 5  
1099 . 9  
1004 . 3  
117 1 . 5 
458 . 7  
1098 . 5  
7 32 . 3  
3 30 . 2  
93 . 4  
nv 
43 . 9  
149 . 9  
275 . 8  
161 . 7 
4 29 . 1  
186 . 4  
157 . 1  
307 . 6  
3 21 . 6  
179 . 9  
207 . 7  
196 . 5  
270 . 5  
330 . 9  
194 . 7  
99 . 4  
212 . 1  
98 . 9  
50 . 9  
nv 
165 . 3  
122 . 6  
336 . 2  
92 . 8  
238 . 2 
58 . 5  
o . o  
69 . 1  
117 . 9 
111 . 1  
321 . 8  
127 . 1  
327 . 6  
97 . 2  
57 . 6  
28 . 8  
1 3 6 .  7 
106 . 4  
PPD 
6 22 . 8  
3 0 . 6  
695 . 7  
3 73 . 3  
44 . 2  
18 . 9  
1536 . 3  
3 . 9  
49 . 3  
98 . 9  
9 . 7  
136 . 8  
222 . 7  
60 . 8  
82 . 6  
14 . 1  
59 . 0  
247 . 2  
2 39 . 3  





















9902 . 7  
5331 . 7  
Table II . 3  Data on lymphocyte stimulation induced by mitogens (PHA, CON-A ,  PWM) , antigens 2 weeks after 
immunization ( HP H ,  Dipht. tax . ) ,  PPD , and in MLC , in SCC-I patients 
Patients Lymphocyte stimulation 
dpm/wel l , stimulated - dpm/well , unstimulated 






















































4 3 7 9  
2 5 5 3  


































1 7 36 
3069 
1069 
1 7 7 3  










































3 2 7 . 8  
136 . 9  
261 . 5  
489 . 4  
809 . l  
1728 . 1  
169 . 1  
2524 . 9  
830 . 3  
985 . 7  
406 . 9  
9 11 . 5  
3 36 . 6  
7 38 . 3  
567 . 5  
74 . 7  
315 . 9  
346 . 0  
1 3 3 . 1  
8769 . 5 3 6 21 . 8  8254 . 6  199 3 . 7 2025 . 7  7 0 3 3 . 0  6 31 . 2  
5897 . 8  3 7 81 . 6  5405 . 6  1264 . 8  242 2 . 1  884 4 . 9  613 . 4  
nv = no value obtained 
48 . 2  
44 . 8  
5 1 . 4  
258 . 7  
149 . 7  
247 . 1  
76 . 8  
nv 
104 . 1  
791 . 3  
7 8 . 1  
277 . 0  
80 . 4  
363 . 5  
202 . 5  
% . 5  
509 . 0  
582 . 5  
4 5 . 1  
219 . 3 
216 . 8  
dpm/mm3 
PWM HPH 
243 . 3  
3 2 3 . 7  
67 . 6  
nv 
668 . 9  
1 3 9 .  7 
506 . 1  
969 . 1  
309 . 7  
706 . 7  
142 . 0  
513 . 0  
4 2 1 .  2 
1107 . 5 
646 . 7  
343 . 6  
890 . 8  
7 93 . 2  
209 . ]  
500 . 1  
308 . 2  
0 . 5  
16 . 5  
5 . 2  
25 . 1  
4 4 . 4  
91 . 4  
26 . 8  
3 7 . 3  
35 . 2  
79 . 8  
24 . 3  
64 . 6  
45 . 5  
26 . 6  
4 2 . 2  
9 . 6  
3 5 . 0  
nv 
53 . 2  
36 . 8  
24 . 3  
Dipht 
26 . 1  
49 . 3  
1 . 5  
105 . 2  
7 . 8  
57 . 4  
16 . 0  
106 . 4  
0 . 0  
2 2 . 4  
19 . 0  
nv 
0 . 0  
1 2 . 6  
28 . 4  
nv 
187 . 2  
nv 
24 . 4  
4 1 . 5  
51 . 0  
PPD 
0 . 0  
101 . l  
0 . 0  
174 . 7  
40 . 7  
858 . 9  
147 . 1  
nv 
0 . 0 
2 5 . 8  
281 . 7  
5 . 0  
2 . 5  
199 . 2  
1 3 5 . 4  
213 . 0  
86 . 9  
62 . 8  
1 7 . 8  
130 . 7 






















9 3 74 . 9  
5518 . 8  
Table II 4 Data on lymphocyte stimulation induced by mitogens ( PHA, CON-A , PWM} , antigens , 2 weeks after 
immunization ( HPH , Dipht.  tox. } ,  PPD, and in MLC , in SCC-I I  patients 
Patients LymEhocyte stimulation 
opm/well , stimulated - dpm/wel l , unstimulated dpm/rnrn 
3 
no PHA Con-A PWM HPH Dioht PPD PHA Con-A PWM HPH DiEht PPD 
1 1 3815 4738 4872 1529 372 17120 885 . l  303 . 5  31 2 . 2  29 . 4  7 . 2  329 . l  
2 10146 4525 2G670 63 38 1252 380 329 . 7  140 . 6  671 . 8 61 . 8  1 2 . 2 3 . 7  
2 3 3 4  529 2369 1278 24 4935 6 2 . 5  14 , 2  63 . 4  10 . 4  0 . 2  39 . 6  
4 6382 nv 15337 nv nv 892 449 . 9  nv 1081 . 3  nv nv 18 . 9  
5 9406 2557 2087 4 136 1216 86 496 . 6  135 . 0  110 2 .  2 2 . 2  19 . 3  1 . 4 
6 4837 335 1148 102 499 4230 286 . 2  19 . 8  68 . 0  1 .  8 8 . 9  7 5 . l  
7 12566 2958 8036 654 13 1229 1025 . 8  241 . 5 656 . 0  16 . 0  0 . 3  3 0 . l  
8 5326 3572 11878 205 341 80 466 . l  31 2 . 5  1039 . 4 5 . 4  8 . 9  2 . 1  
9 2526 1180 6333 223  2782 1806 3 87 . 9  4 1 .  l 220 . 4  2 . 3  29 . 0  188 . 6  
10 2878 1178 4596 7 12 1753 809 101 . 3 4 1 .  5 161 . 8  7 . 5  18 . 5  8 . 5  
ll 4403 1848 5366 1210 1396 nv 250 . 1  104 . 9  304 . 8  20 . 6  2 3 . 8  nv 
12 1992 1152 0 1188 9341 228 131 . 7 76 . 2  0 . 0  23 . 6  185 . 3  4 . 5  
MEAN 6384 . 3  2233 . 8  8456 . 5  1234 . 1  1726 . 4  4368 . 4 381 . 1  130 . 1  473 . 4  16 . 5  28 . 5  6 3 . 8  
SD 4123 . 4  1549 . l 7 17 5 . 3  1769 . 7  2660 . 6  6 74 4 . 6  309 . 2  109 . 9  418 . 9  17 . 7  52 . 8  103 . 8  















Table II. 5  Data on lymphocyte stimulation induced by mitogens (PHA, CON-A , PWM) , antigens , 2 weeks after 
immunization (HPH, Dipht. tox . ) ,  PPD, and in MLC, in SCC-III patients 
Patients Lymphocyte stimulation 
dpm/wel l , stimulated - dpm/well , unstimulated dpm/mm3 







































6788 . 5  
3702 . 3  
3922 130 















7 426 nv 
4848 21040 
2409 . 3  3887 . 6  
2281 . 2 5061 .  8 



















106 0 .  3 



















1540 . 5  



















5760 . 3 
682 0 . 8  
1 5 . 6  
166 . 4  
342 . 8  
189 . 7  
684 . 1  
149 . 7  
1 2 5 . 9  
900 . 4  
4 27 . 3  
3 9 2 . 1  
838 . 7  
690 . 7  
145 . 3  
6 30 . 3  
67 . 9  
177 . 7 
205 . 6  
135 . 9  
349 . 2  
2 80 . 3  
140 . 1  
13 . 1  
20 . 2  
63 . 3  
258 . 7  
40 . 2  
113 . 4  
68 . 7  
nv 
214 . 4  
811 . 7 
6 2 . 8  
29 . 4  
7 . 2  
1 . 9  
6 . 2  
424 . 7  
81 . 5  
1 3 8 .  7 
206 . 2  
4 . 6  
235 . 3  
82 . 4  
453 . 6  
210 . 8  
0 . 0  
226 . 4  
329 . 5  
nv 
194 . 8  
662 . 2  
80 . 5  
0 . 3  
151 . 0  
4 5 . 8  
0 . 0  
nv 
353 . 5  
189 . 4  
188 . 1  
1 . 2  
7 . 5  
21 . 2 
0 . 6  
17 . 8  
0 . 9  
10 . 4  
2 . 5  
9 . 7  
6 . 8  
3 0 . 7  
1 5 . 1  
5 . 6  
4 . 9  
0 . 3  
1 . 4  
2 . 9  
49 . 1  
10 . 5  
1 2 . 7  
19 . 2  
26 . 4  
1 . 4  
3 1 . 4  
nv 
0 . 9  
5 7  . 5  
nv 
nv 
4 . 2  
161 . 1  
0 . 0  
16 . 2  
34 . 6  
4 . 0  
0 . 0  
3 5 . 6  
8 . 8  
26 . 8  
40 . 9  
PPD 
8 . 3  
116 . 5  
10 . 5  
585 . 8  
445 . 4  
3 . 4  
6 1 . 4  
60 . 7 
nv 
21 . 9  
104 . 4  
nv 
35 . 6  
10 . 4  
o . o  
0 . 2  
109 . 3  
5 . 2  
105 . 5  



















1 7 12 
5011 
4172 . 9 
1465 . 4  
Table I I . 6  Data on lymphocyte stimulation induced by mitogens (PHA , CON-A , PWM) , antiqens , 2 weeks after 
immuniz�tion (HPH , Dipth. tox. ) ,  PPD , and in MLC, in OCC-I I I  patients 
Patients LX!!!.J2hoc�te stimulation 
dpm/we l l , stimulated - dpm/wel l , unstimulated dpm/mm 
3 
no PHA Con-A PWM HPH Di,12ht PPD PHA Con-A PWM HPH �ht PPD 
1 23691 4433 2427 tl39 2457 9927 103 / . 2  194 . 2  106 . 3  1 1 . 0  3 2 . 3  116 . 0  
2 17479 6695 6671 2419 2273 1007 1354 . 5 519 . 1  517 . 0  56 . 2  5 2 . 9  2 3 . 4  
3 1 1 692 9797 10063 2176 nv 1 29 742 . 1  557 . 7  639 . 7  4 1 . 4  nv 2 . 4  
4 16964 nv 3916 nv 10367 6595 103 3 . 1  nv 237 . 9  nv 199 . 4  120 . 5  
5 19149 12736 12037 10961 2675 29617 1631 . 5  1095 . 1  1025 . 5  277 . 6  69 . 4  731 . 5  
6 20211 10511 9752 1 1903 5097 6610 1111 .  6 579 . 1  563 . 4  194 . 9  94 . 1  109 . 1  
7 16692 2739 2242 3995 709 nv 107 4 . 3  176 . 4  144 . 4  7 6 . 9  1 3 . 7  nv 
9 6509 1994 4691 3165 1930 2106 451 . 1  130 . 6  3 25 . 1  60 . 9  39 . 1  4 3 . 9  
9 6694 1649 nv 1 1 2 1  3975 nv 700 . 9  172 . 9  nv 3 5 . 5  1 35 . 9  nv 
10 7677 3 199 6916 1139 1445 597 653 . 9  272 . 1  57 9 .  9 29 . 1  3 6 . 8  1 4 . 9  
1 1  12717 5951 4959 6704 2576 19981 925 . 8  433 . 2  353 . 7  146 . 4  56 . 3  436 . 4  
MEAN 14494 . 9  5857 . 2  6347 . 4  4420 . 9  3330 . 3 9272 . 0  97 2 . 5  4 1 1 . 8  446 . 5  92 . 9  70 . 8  177 . 6  
SD 5837 . 6  3909 . l  3353 . l  403 4 . 6  2758 . 7  9930 . 6  3 3 1 . l 292 . 9  274 . 3  86 . 7  53 . 7  246 . l  














9533 . 6  
693 1 . 2  
Table Il . 7 Data on lymphocyte stimulation induced by mitogens (PHA , CON-A , PWM) , antigens , 2 weeks after 
immunization ( HPH , Dipht. tox. } ,  PPD , and in MLC , in AC-I ( I I )  patients 
Patients L�mEhocyte stimulation 
dpm/well , stimulated - dpm/wel l , unstimulated dpm/mm 3 
no PHA Con-A PWM HPH Dipht PPD PHA Con-A PWM HPH Dipht PPD 
1 6448 694 3522 732 905 2827 548 . 7  59 . 1  299 . 7  18 . 7  2 3 . 1  7 2 . 2  
2 38376 10618 5728 4669 3786 nv 2394 . 6  662 . 6  357 . 4  87 . 4  7 0 . 9  nv 
3 13876 1663 2  15612 5 59 1758 682 561 . 9  6 7 3 . 6  63 2 . 3  6 . 8  2 1 . 4  8 . 3  
4 12067 3421 11147 14208 1858 572 985 . 1  279 . 3  909 . 9  347 . 9  45 . 5  14 . 0  
5 4162 5576 782 1792 574 711 194 . 2  260 . 2  36 . 5  2 5 . 1 8 . 0  10 . 0  
6 7008 5402 5945 287 642 285 510 . 2  393 . 3  432 . 8  6 . 5  14 . 0  6 . 2  
MEAN 1 3656 . 2  7057 . 2  712 2 . 7  3707 . 8  1587 . 2  846 . 2  865 . 8  388 . 1  444 . 7  82 . 1  30 . 5  2 2 . 1  
SD 12648 . 6  5709 . 7  5380 . 8  5 391 . 1  1210 . 2  1007 . 5  790 . 2  242 . 2  299 . 0  1 3 3 .  7 2 3 . 6  28 . 1  









Table I I .  8 Data on lymphocyte stimulation induced by mitogens (PHA , CON-A, PWM) , antigens 8 weeks after 
immunization ( HPH,  Dipht. tax. ) ,  and PPD , in sec . I  patients after curative resection 
Patients Lym12hoc�te stimulation 
dpm/wel l , stimulated - dpm/we l l , unstimulated dpm/mm 
3 
no PHA Con-A PWM HPH Dioht PPD PHA Con-A PWM HPH DiJ2ht PPD 
l 17787 3224 13058 7 5 3  2 2 3  95 423 . 9  76 . 8  311 . 2  5 . 4  1 . 6 0 . 7  
2 6433 277 69 178 14 5 7  102 5 . 8  44 . 2  1 1 . 0  8 . 5  0 . 7  2 . 7  
3 3590 1687 6191 45 83 116 256 . l  120 . 3  441 . 6  0 . 9  1 . 0  2 . 5  
4 14450 2857 900 0 1586 21298 847 . 7  167 . 6  5 2 . 8  o . o 27 . 9  374 . 8  
5 5795 2177 5900 7 2 7  1435 4263 271 . 0  101 . 8  275 . 9  10 . 2  20 . l  59 . 8  
6 9689 4904 9913 nv 803 27924 1006 . 4  509 . 4  1029 . 6  nv 2 5 . 0  870 . l  
7 6396 910 9163 7 15 316 1917 1 465 . 6  66 . 3  667 . l  1 5 . 6  6 . 9  418 . 7  
8 13067 3824 4824 218 1477 nv 815 . 4  238 . 6  301 . 0  4 . 1  27 . 6  nv 
9 15265 2388 3900 172 0 0 1011 .  6 158 . 2  2 58 . 4  3 . 4  0 . 0 0 . 0  
14 3418 3176 19161 0 407 22358 266 . 9  248 . 0  1496 . 5 0 . 0  9 . 5  523 . 8  
1 7  3789 8733 18643 687 582 11890 286 . 5  660 . 2  1409 . 4  1 5 . 6  13 . 2  269 . 7  
MEAN 906 1 .  7 3105 . 2  8338 . 5  349 . 5  6 29 . 6  107 1 7 . 6  606 . 9  2 1 7 . 4  568 . 6  6 . 4  1 2 . l  252 . 3  
SD 5237 . 9  2273 . 9  6442 . 7  3 2 7 . 9  608 . 4  1 1114 . 5  332 . 9  195 . 9  519 . 9  5 . 9  11 . 2  295 . l  
nv a no value obtained 

APPENDIX to CHAPTER I I I  
Table III . 1  Antibody response and in-vitro lymphocyte s timulation to HPH , peripheral white blood cell counts 
and serum immunoglobulin levels in different stages of sec patients . 
Reciproque antibody titer In-vitro Ly-stimulation 
Peripheral Serum immune-
Patients 2 wks after immunization Blood globulin levels 
nr . age sex stage I gA IgG IgM no antigen HPH HPH/mm 
3 Ly-% leuco/mm 
3 
IgG IgM IgA 
* 
68 m I 640 1 280 320 2 1 4 ( 28 )  507 U 1 5 )  8 . 53 3 2  9 1 00 1 780 1 52 250 
2 66 m I 640 1 280 1 280 450 ( 1 2 8 )  728 ( 7 0 1 )  5 . 20 22  8500 1 3 1 0  84 264 
3 56 m I 2560 1 280 2560 702 ( 6 3 )  384L ( 1 4 16 )  69 . 33 32 6900 1 520 66 162 
4 58 m I 5 1 20 5 1 20 2560 784 ( 1 4 0 )  2 786 ( 868) 25 . 03 1 7  7400 1 700 7 2  3 1 8  
5 59 m I 2560 10420 1 280 406 ( 6 5 )  3003 ( 3 1 9 )  44 . 36 24 7000 1 1 30 74 128 
6 6 2  m I 5 1 20 20840 1 280 1 1 20 (6 2 4 )  4058 ( 720) 91 . 37 38 8200 1 1 30 1 1 8 222 
7 65 m I 1 280 640 320 430 ( J 2 )  1 700 ( 709) 26 . BO 27  7800 1 460 102 246 
8 69 m I 2560 1 280 640 238 ( 2 2 )  1 0 3 4  (402)  37 . 25 4 3  1 0900 1 030 86 240 
9 6 1  m I 1 2 80 640 1 280 702 ( 6 3 )  3842 ( 565)  35 . 1 7 1 2  9300 1 4 1 0  1 2 2  2 1 0  
1 0  6 2  m I 2560 2560 1 280 660 ( 7 6 )  4 7 1 2 ( 896) 79 . 83 28 7 100 1740 122  204 
1 1  56 m I 5 1 20 1 280 2560 1 49 ( 99 )  1 1 23 ( 4 54 )  24 . 25 30 8300 1 4 1 0  80 124 
12  7 1  m I 1 280 5 1 20 640 4 3 5 ( 1 38 )  2 1 9 1  ( 1 297)  64 . 58 3 1  1 2000 1 780 78 222 
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
















































































































373 ( 39 )  
2 1 6 ( 1 9 )  
356 ( 1 39 )  
227 ( 76 )  
204 ( 35 )  
350 ( 80 )  
295 ( 42 )  
5 1 8 ( 3 6 1 )  
2 1 9 ( 9 2 )  
1 2 1  ( 3 7 )  
307 (80 )  
1 6 3 ( 1 3 )  
388 ( 9 2 )  
255 ( 9 1 }  
3 30 (48)  
1 28 ( 3 1 )  
4 28 ( 8 1 }  
407 ( 8 2 )  
1 902 ( 334)  
928 ( 1 6 1 )  
56 1 ( 1 2 2 )  
3 38 ( 1 64 )  
1 39 1 ( 10 7 1 ) 
264 3 ( 359)  
3 1 6 ( 1 8 1 )  
358 ( 22 2 )  
4 1 8 ( 1 5 7 )  
293 ( 1 1 8 )  
1 0 3 9 ( 354) 
318 ( 94 )  
998 ( 309) 
463 ( 285)  
748 ( 390) 
530 ( 9 0 )  
1 247 ( 8 1 6 )  
1 360 ( 349) 
29 . j6 
7 . 50 
5 . 40 
1 . 19 
7 . 48 
2 1 . 2 
0 . 62 
0 . 9 3  
1 . 40 
2 . 95 
1 7 . 76 
0 . 9 1  
1 0 . 3 7  
2 . 47 
9 .  72  
6 . 82 
30 . 7 1  
1 5 . 1 0  
3 1  
1 2  
25 
9 
1 8  
2 1  
2 2  








3 2  
3 0  




















1 8 1 0  
1 850 

















1 1 2 
1 2 8  
7 8  
7 8  
5 4  
1 4 0  
1 1 4  
104 
1 26 
7 6  
1 20 
8 2  
54 
88 













1 0 2  
290 
4 1 2  




Table III . 2  Antibody response and in-vitro lymphocyte stimulation to HPH , peripheral white blood cell counts 
and serum immunoglobulin levels in controls . 
--
Reciproque antibody titer 
In-vitro Ly-stimulation 
Peripheral Serum immuno-
Controls 2 wks after immunization Blood globulin levels 
--
IgA no antigen HPH/oun 
3 leuco/mm 
3 
IgM IgA nr. age sex IgG IgM HPH Ly-% IgG 
49 m 2 560 2560 
�': 
2560 607 ( 1 1 7 )  10624 ( 1 269) 1 49 . 85 44 3400 1 500 186 186 
2 72  m 5 1 20 5 1 20 2560 1 8 7 3 (400 ) 827 2 ( 804) 2 2 7 .  16 50 7 1 00 1 280 1 10 250 
3 56 m 2560 3 2 0  640 2444 ( 6 1 8 )  26204 ( 37 1 8 )  686 . 66 34 8500 1 080 56 206 
4 59 m 2 560 1 280 640 2328 ( 1 8 4 )  ! 23 7 5 ( :l0 1 2 )  256 . 2 1  3 7  6900 1 1 80 46 180 
5 57 m 1 280 1 280 1 280 1 954 ( 1 2 2 0 )  1 76 1 9 ( 3630) 3 2 1 . 1 3 36 5700 1 1 30 94 276 
6 55 m 1 280 1 280 1 280 260 ( 4 6 )  1 1982 ( 1070)  1 85 . 2 1 20 7900 1 200 72 288 
7 48 m 1 280 640 1 280 3 3 1 \ 2 8 )  8726 ( 49 4 )  1 9 8 . 7 7  4 1  6000 1 0 3 0  1 4 2  248 
8 56 m 2560 5 1 20 1 280 835 ( 1 2 3 )  27 1 2 3 ( 730)  807 . 04 59 5200 1 1 1 0  1 20 256 
9 59 m 2560 5 1 20 2560 5 20 ( 1 3 3 )  3 3804 ( 3 145)  79'2 . 1 6 3 5  7000 860 64 146 
1 0  58 m 1 280 1 280 1 60 2 7 1  ( 5 5 )  8404 (848) 1 94 . 38 38 6300 1 390 72 308 
1 1  62 m 640 3 2 0  6 4 0  2 7 2 ( 4 2 )  5445 ( 9 1 7 )  1 4 3 . 85 3 2  8600 1 4 1 0 1 06 294 
1 2  69 m 1 280 640 1 280 132 ( 7 )  1 2660 ( 1 33 1 )  186 . 8 1  24  6200 1 3 1 0  1 3 2  222 
1 3  74 f 5 1 20 1 280 1 280 286 ( 2 6 )  5 9 3 5  ( 7 4 7 )  1 44 . 22 3 7  6900 1 650 1 34 476 
1 4  7 2  m 2 56 0  6 4 0  3 2 0  224 ( 5 1 ) 1665 ( 370)  3 7 . 25 4 7  5500 1 7 20 1 10 334 
1 5  62 m 2560 1 280 2560 2 76 ( 84 ) 5548 ( 36 1 )  88 . 57 30 5600 1 330 96 3 30 
� 
) = 1 SD 
Table I I I . 3  Antibody response to HPH, 2 ,  l:J and 14 weeks after immunization of 
sec . I  patients who underwent curative surgery . 
Patients Reciproque antibody titers 
No 
6 
wks after immunization 8 wks after immunization 
IgA IgG IgM 
640 1 280 320 
2560 1 280 2560 
2560 10420 1 280 



















IgA IgG IgM 
640 320 320 
1 280 1 280 1 280 
1 280 10420 1 280 



















1 4  wks after iIF'lllunizati.on 
IgA IgG IgM 
320 80 J20 
320 320 640 
1 280 5 1 20 640 



















Table III . 4  Antibody response to HPH, 2 ,  8 and 14 weeks after immunization. 





1 0  
I I  
1 2  
1 3  
1 4  
wks after immunization 8 wks after immunization 
IgA 
2560 















5 1 20 2560 
3 2 0  6 4 0  




� 1 20 

































5 1 20 1280 
160 3 2 0  







































1 280 640 
160 320 





















Table I I I . 5  Antibody response to HPH , 2 ,  8 and 14 weeks after immunization in an additional 





Reciproque antibody titers 

























3 2 0  





















3 2 0  

APPENDIX to CHAPTER IV 
Table IV . I  Number of positive PMN scores for IgG and Complement ( C ' ) , found in the different stages 
of bronchial carcinoma patients , in normal controls (NC ) , and in COLD-controls .  
NC COLD Stage I Stage II Stage III 
pre-operatively post-op. pre-operatively post-op . + BCG 
No IgG C '  No IgG C '  No IgG C '  IgG C '  No IgG C '  IgG C '  No IgG C '  
1 7  1 2  I 26 34 I 1 6 4  2 2 3  - - 1 39 5 1  - - I 149 1 18 
2 6 8 2 1 2  3 8  2 1 8  37 4 60 2 37 99 59 1 26 2 79 85 
3 4 3 3 8 4 3 3 0  1 76 19  1 3  3 56 49 1 3  30 3 80 62 
4 4 33  4 1 2  1 8  4 3 5  5 4  20 1 2 1  4 28 98 13 6 4 51  7 2  
5 9 1 3  5 6 1 5  5 1 0  46 4 22  5 85 184 1 64 163  5 50 85 
6 1 7  1 3  6 1 4  6 6 36 7 - - 6 69 87 
7 1 8  44 7 7 1 3  7 3 7  79 - - 7 142 500 
8 1 1  1 4  8 1 3  54 8 40 26 8 1 3  8 1 2  1 9  
9 1 8 9 1 9  3 9  9 24 25 10 1 3  9 94 306 
10 15 20 10 6 72  
1 1  1 0  1 6  1 1  34 73 
Mean 1 0 . 8  1 6 . 7  1 4 . 2  33 . 2  4 3 . 6  7 4 . 8  1 0 . 8  4 0 . 3  80 . 6  1 4 8 . 2  
SD 5 . 9  1 1 . 9 8 . 6  2 4 . 7  46 . 3  74 . 4  7 . 1  4 3 . 5  4 3 . 7  1 54 . 6  
APPENDIX to CHAPTER V 
Table V. I Lymohocyt.e responses to PHA 1 ul/ml in BCG-treated patients , before and 
3 and 1 2  months after operation. values in dom/mm 
3
• 
Patients no. before operation 3 months after operat.ion 1 2  months after operation 
879 . 0  1 386 . o  1474 . 7 
326.  o 372 . 6  
4 5 7  . o  1 5 7 1 . 0 1 3 3 5 .  2 
491 . o 5 1 3 . 0  820 . 1  
1 0 3 1 . 5  407 . o  
6 1 5 1 . 0  1 3 1 . 0  
452 . 3 1 10 .  3 
8 1 3 3 . 0  404 . 0  
9 323 . 3 809 . 4  653 . 5  
1 0  1 1 5 3 .  2 1 248 . 2 3600 . 8  
mean 540 . 3 695 . 3 1 576.  9 
SD 358.  8 5 30 . 1  1 1 8 2 .  2 
Table V.2 Lymphocyte responses to Con A 1 ug/ml in BCG-treated patients , before and 
3 and 12 months after operation. Values in dpm/mm3 
Patients no. before operation 3 months after operation 
303 . 2  2 26 . 6  
1 38 . 0  206 . 9  
44 1 .  3 982 . 2  
1 34 .  7 7 1 .  2 
24 1 . 6  nv 
6 39 . 6  46 . 6  
80 . 8  1 0 . 0  
8 76 . 0  1 0 5 .  2 
9 1 7 . 8  
1 0  6 . 8  24 . 1  
mean 148 . 0  209 . 1  
SD 1 40 . 4  3 2 2 . 5 
.. 
nv no value obt.ained 
12 months after operation 
2804 . 8  
2 7 3 6 .  5 
1 92 . 9  
1 1 05 . 9  
2 1 1 0 . 2  
1 7 90 . 1 
1 1 2 3 .  3 
Table v . 3  Lymphocyte responses to Diphtheria toxoid , 10 Lf/ml in BCG-treatcd patients , 
before and 3 and 12 months after ooeration. Values in dpm/mm3 . 
Patients no. before operation 3 months after operation 1 2  months after operation 
7 .  2 
1 2 .  3 
1 8 . 0 
1 9 .  2 
0 . 3  
6 67 . 8  
1 7 .  7 
1 84 . 9  
9 1 2 .  4 
1 0  8 3 . 9  
mean 4 2 .  4 
SD 57 . 0  
7 . 3  
1 2  . 4  
2 5  . 6  
27 . 4 
0 . 3  
50 . 9  
0 . 0  
7 9 . 1 
24 . 6  
1 2 5 .  7 
36 . 1  
4 0 . 4  
204 . 5  
1 5 5 .  7 
1 7 0 .  4 
1 26 .  7 
1 89 . 0  
1 6 9 . )  
l0. 1 
Table V. 4 Lymnhocyte resoonses to PPD, 3 ug/ml in BCG-treated patients , before 
and 3 and 12 months after operation. Values in dom/mm3 . 
Patients no. before oneration ) months after operation 1 2  months after operation 
3 2 8 .  7 
3 .  7 
20 . 8  
2 .  2 
30 . 1  
6 3 1 2 .  9 
299 . 6  
8 4 . 5  
9 305 . 3 
1 0  54 . 1 
mean 1 36 .  2 
SD 1 5 1 .  9 
3 4 7 . s 
558 . 3  
36 . 2  
379. 2 
l 1 9 . 6  
76) . 9  
7 8 . 6  
4 2 .  7 
5 1 0 . 5  
2 2 6 .  2 
326.  3 
240 . 1  
1264 . 1  
1 407 . 6  
1 547 . 5  
1 394 . 0  
2969 . 1  
1 7 1 6 . 5  
7 0 7  . 4  
Table V .  5 Lymphocyte responses to PHA , 1 ul/ml i n  non-immunotherapy cont.rot patients, 
before and three rr1Jnths after operation. Values in dpm/mm3 . 
Patients no. before operation three months after ooeration 
1 60 . 2  1 8 1 .  9 
2 5 0 .  7 50 . 4  
465 . 2  666 . 9  
1 0 1 .  6 84 . 4  
62 . 5  88 . 9  
6 2 5 5 .  4 372 . 5  
540 . 8  5 4 3  . 5  
mean 262 . 3 284 . 1  
SD 1 00 . 3  246 . 5  
Table V . 6  Lymphocyte resnonses to Con A, 1 ua/ml in non-unmunotherapy control pati.ent.s, 
before and three months after operation . Values in dom/mm3 . 
Patients no . boforo operation three months after operation 
24 . 1 64 . 1 
1 2 .  1 1 1 . 6 
J 1 2 .  0 :97 . 0 
3 0 .  5 9 . 1  
1 4 .  1 4 9 .  3 
6 2 .  3 2 . 5 
nv nv 
""'an 6 5 . 9  7 2 .  3 
SD l 2 1 . 0  t l 2 . r. 
nv .. no value obt.ained 
Table V .  7 Lymphocyte responses to Diohtheria toxoid , 10 Lf/ml in non-immunotherapy 
c.:ontrol oatients, before and three months after operation. 
Values in dpm/mm 1 .  
Patients no. before operation three months after operation 
12 . 4 1 2 .  7 
1 .  8 0 . 0 
8 . 9  0 . 6 
nv nv 
1 2 .  5 1 3 . 8 
6 6 . 8  2 . 2 
r . 5 1 . 8 
mean 7 . 2 5 . 2 
SD 5 . 2 6 . 3 
nv no value obtained 
Table V . 8  Lymphocyte responses to PPD, 3 ug/ml in non-1mmunotherapy control patients , 
before and three months after ooeration. Values in dpm/mm3 
Patients no . before oneration three months after operation 
0 . 8  4 . 4  
66 . 0  9 .  7 
2 . 1  2 5 . 6  
0 . 2 4 . 8  
40 . 9 93 . 2 
6 2 59 . 1  99 . 1  
6 . 1 0 . 9 
mean 53 . 6 34 . o  
S D  94 . 1 4 3 .  3 
